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Jud I 4 jj. 3 i c.j . « Lfcj Lu (j j lotoj 4_g l_*J I 1 d> LLlLj ll I Co i I^i 1 1 

t^LaSUIj Ji£LII 4_Lc. i_-oju Jjo?e_g ^*-*-*0-1 4-^^VL>J! ^$o!jl_>ojj (j’LC.jToeJ. I j 

(j-tiLgJJ)) dU j £y£. J-LC. Lg£^ iSj-jlitilj J-USLlLj £jj_g_ 4 I Jjl y f\ 33 ^ d> (Jj 

Ijl^jn. 4^U! 99j LcL^I 4 — jLU 1 4j^JLl*J!>) JLb 0^>~ «(jj — 


♦ (< u^ db^-J 


*Uy /u i T I jljjG 2ul*\ 4*^>Ti ljIjjoJI 

4jI_jjv dljo ^.4 ( jL_ujVI I Jo u" 1 t^i a 4_u_u t_^V I 4_*_i i_u ojjGj Lc J_<_£ 

^Jloa 4oiloos_g Co VI st_a 3jl j_Loo 4_>ol j ‘4_La_j i_u_JI 4 ool JoJI 

j-dLaJ. 1 (J jj>o ‘ I J-^l 4 oe-loj . CiLI J j-x£.y ,J$\ uui I Joo 4 II 0 J I j 4.C. IjjJ I 

Lua jSon. L*_goot_g j J ioJ i Lul Jo L*_gootoa 4 ) j£” yc> Loj Jon. V j_>o doJI 

(j”U I J_3J I J ^ 1^1 ) 1 1 0 J J-4-4P 1 j to IjJSjjOO 
L>J I Lu.3 j ^ I js AiC. jo 1 <_o] I ^jjJLl I 4 j L^j jJlcj . l-B Ij_c. V I ( yi V Jo 

jo-utlU ((Revolution 3jj o» ^ llo g jo^o l^I i_4oV! ooIj 

t^C,j C 10 J I js. 3 1 1 Co Ion-jos-c tjfC. 4_go>- loJ 1 j l j-gooe-t I 4oj Jo>J I di V j stoJ I 

4 3 Lj_>J I ^on. I jo i yu go jJ I (J y>. jJ J-^oi I Jo V I J j I iualtX 1 

JJJlII 4x. L u-tOj Jo JosJI LiK-^uJI Co i J 1 U 4 j 4jjlit_J I Co L^^osJ, I 3 jjj ^jos Ujo 

4 4jj_jj>J I Lp-jJj_^lII j 4 CoL cjjjtXlj Co Li i_uL>iJ I 3jjHj g. 1 1 1 j 4^0 ljjJJ I j 

^jlo>JI 3jj j» o o_4jou 3 Jo Jon. 4 j_>. jJ jJSo 3 jjj 4?j_o=r 3" ( l> jonJj 

.jjLlII Ljow jJjoSo (jy-^J II J 

^j£o 4 _l4 Ljlj-I, ! 4-qn. jJ j-tSjJl CoIjj Hll t-ilij ol i 4_g3 ^ootlj 

(**< ^ < (i 1 Co I j 1 £oj I j Co Lc. I Jo I j ^ jlc.j Co l^_t_>J ^JjjJoj ^£" I^ILg J 1 ~n- 4_1_j_ooon. 

4_4_jJl3JI 4_jj_oo_I,I (jAJjLCaosJI ^ 1 ^ g j dsLl>a jc-u-ujoj L^jL^jIj L^C.jj 
4_j_g_il4V I ^jlDi-JLl ^yll 4_oj_»JI 4 3 lo ( I, I ^JLjlJI ^LsjIo Joual Jl^j .4_ojolIIj 

4JLjl3 djljluij j go do ^oil Ijjjjl 3jl 4 ^j^'v-Vl ( jr ic.J *4 gowLlXI 

^_gj .^^psj-tlj J^jnJI j j 3oJlj ^JLlaJlj ^^LLaJI LajI uj L^otojlo ^j_g 4£LIL>. 

f 525 ^UJI (j_*a Oj " n ( 1 Lijujt (_4c O-O-lA 4^^001 JJ ' ^LjOuI 

4j (_gjJ! Lijijji I j i^-if ijj 4^1500 ^UJI 0 "-vj 
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^2$ > 1 4uj^j^V I 3j LH I a 1 air. dJLI ju j. a ju. i_u_ij ^ 1 546 — 1 48 3 ) ^u jJ La 

3lu_>. I J-C. J_U3uJj 4 4 _Uj_JlI 1 J 4 Jj. IS\ I, I Cy^J L-1_>J I Cj L>-jlfc_a !^yC I J Julli (_uJ 


. OjJlscIII j L$_a1^j3 3 Ju Ju>. 

J. i"uC. J_lL_4J.ll ^jj-lll J-^-ljl jda (jr^ »LJjlII J_a3 i_ul Jj3j 

(_uJ^U ^13*11 j-llli! 3 JuCulII 4-ua-uJI 3 j_LL 3 dJJju I jilLa-tl 4 ^-Ajuj-L^j j 

c 31V" 1 1 {_yA C-uLc ^ ill 3jl_U1 (jl JlL (j, 3 3ju_£ 4_da^_) (jj3>o ^ II I c-4 

(jjs 4_l£.1 1^,11 Sj^UI O-aLs _L£ j . (j jj_3 3j tUc djJilal 4 Jjj_L> 4_u_aj 3^13 

** J? 

4_C.Luu3j 4jjlisu_II CjI£j >J,I 4 a IV 'I cLLol Cd-p* t 1780 ^LjlJI I jjLLu^u 

j- U) Io"< 1 1 Bjjijl 0 _L4> Cj j_a3 i_ul j . 4 u£ujI£uJJ 4_<_u jl^JI jysj-QJj ^u (_uJil 

C< 1 3 f . I j . LaLc 60 !j^A l-jjJLi La ^Jljla ^-ILlII jl / ^i" 4 1 tjr Lc. 4 ' a a t“<llV4 £-J JuVI j 
1840 aLlJI clilju C-u_>- iLaLc 60 3jua 1 dajl Cjj-alujl 4_ulu 3jp 3 jjuJI oJJt 
4_C.Luu3 jjr Jt 4^>U^ 4 cLdu dJJju 3 jJ j_a dl£! i_u_J! (Jlue-a-s C' < ^"^-l j 

4jJI j_a^fl 4-La-LLj JupJI ^jLuHsVI JjJ^-ll 4J La-a a ^ <^ll j J jJl^JI 

LLLLajp ^lc. Ij^j>. 3j^3]| 4?Jufc ^a-Ij . a I j-<-u Ju*. tjr lc. 4 jj uu_JI 4_j_a_uJI 

. LuUlj 1 < n )jJb L^la Jjj Lbj.j^ 33 o£jLi Jj t^U 3*4 

(JjL*_a 3jLj (jy-^3 4 ajlo* II 4_jj>- jJ j-tSLJI CjIj^IJI dJ ti 

cjL_uLu_uJIj Cj^ I j-3-IL 3 juJ^jJsl 4 CjLc.I juVIj cjLc.I^ILv'^Ij oljlSda^l ^Lul 

jJ j-tSLJI ^1 JljVI ljufc ^ jl I jJ t 4 j y\ a 1 1 4-1^-111 jJij 3 jv- 4jLa_>J 4j_al£L_U 

1 802 ^L*JI lj j£ ^j-ujjL 3juJ>L*_a ^Ij-jJ J^ju 4_<^l_L l j A-lII CjI jjd Jul jd ^1 
4 jLc.I JljIj Oj^£i Cj L>. jde_a j a*T < ,«. < nj j^Ibt j I ^jL-uJ^I 4 j 3-v I ( _ ;r lll 

4j l_a_>- (j-o I ^3 ^u_4jl_3_a ^c_j i_ujdJ 4 jL 31 1 4 _j I JuJ I 4J^_La-J dJU 3 l£j 4 4 jl3» 1 1 

. I Cj I a 4 j 4 ? II 4-t^J-U 

4_lc 1 It^aJI 3 jjjJI 1^21 C-<-L^3 j ^3-11 cullll 4JL>.^_a Jl»j 1900 ^LlII 

CjLV jJI ^1 Lj-C 4_lc 1 < i^>II CjIjj ill e-£J JJlC 3j_U 4>JlA J-31H3 4 4 jjLJI 

oljjiil dlL L^_l 3 ^>3tJ ^lll ^-Jjilll (jj J jVl 3jJ.I JlJU La-a 4 4_jSLj_aVl 3 jL5tlI,l 

CjVLt_a-s 4l]liil 3 jjjJI CllH.1 j .4_ujjjVI 3j! 3il (jljiL i j r C- I Juju 4_lc 1 It^aJI 

Cul^ 1 31 j . CjIjL (_uJI 4x.l_uus 4djLjLa_j^LII 4 4-u^ 1 1 djl£j >J,I 3 J J atla 

4 * \ Li" I, I ^JLlII 4_j a_* ih c . (J .uaj 3 Ju_ajv. 4 nlo ^ jJlC. 4Jj_Laj 4 _lC 1 m II Culjj ill 


9 


£dUl 


4_j£LpaVl cjLVjJI llJj! <iuj q \ Lu^ t 4 -l^-l 11 I j ^Ln.jJ! ^ II 

l$3i — luLoj cJitj ^ylll ^LjLjJ I Jiu t4pjjji j-^- (5L> — c ' L 4 I [£j — >- 1 V jj 
(2000 — 1950 ) 4juIjJI 4_lc 1 luaJl 3 jjjJI jpe_d3 lLIjLJuTl! 1 4^La-*3-auVI 
4_cL_goj iCjLajJjJsl j CjVI u^3VI Lp. jJ jj£o j pj-t-p£Ll I CjVI 2e_4-5 4_goL>Jl 


. I JJt> L_a jj cr^ 2 ** ' (j!u-*J Lllj La (_pil 3 jjjJI HJ3 tCjlpL^-^jpxll 

CjLaj£j>J1 CaJL3j I 1 4_uLJI 4_ji,l_*JI c_jp>J I <jI_^3j1 j j r A 3j_j pj 3 jI_3 Juuj 

^C_l3d (jl t4j£jpaVl 3 J Still OLVjJI 4_t-ijL>.J t^J 1L*J1 ^Ltjl £__pp ^ £ 

4_p_aJ (JS! Jij (jl (^pLJI C-l-^c-lII (JLst-c 3j _j_tSLI I CjIjL^II i_uVI 

^pa-LJ ' J (j, 1 3» II ^jLlII ^i-C. 4 j-LlU CjljpJlj oIjILlJI <>n <4 *JL 

^JL*JI J^LLaa 4L>1« nllj 3 j 3 < 1 1 Jupa Cr^} Lc-4 i_uJ^U 

s ** «. « «• 

^LalakVI ^y-4-LJ I Oj^-l!I I j3 V (jP-II JjjJI LL13 ijr hi jl 4 1 <a Jg33 J 3 VI 

J lu 3 ^j_i£LII 4-tc.l II cjIjjjJI C-U-&J-* jJ^j . ^ j^LJI 4jLc.jJIj 

«:l-33jVlj ^Jjla3j ^Lj J UL I (j-ulj ^Ijl 4jpLj (^£- jLil£.Vl 

^lj3L>-Vl^ jlSLjVl (jL-Uj^U ^y_ukjjl ^ilUl (j7 SC^U2\ Jl 13 I jj / <^3 4 L 
. Lp. LaHv I j L^Lu^Hsl ( jy ^ j ^ 1 1 Ij jj Lit! ^ j 3sr3 1 Ji_p.jJI (jJjLaJI j_& 

^ylll J 4_3 j>- VL xJJ 4-L4-L«-I I CjLljL33jVlj Cjljjlll i^yC 4 J (_aL_uJl lilL J-JUJ 

j3 4^LLaJlj jl j-Uj ^IjjJljt t < L>II CjVLt_4 ^y^ C j Ij^j CjI Jl^v.1 ^yJI Cj^I 

^yiil « Nanotechnology jjLJI 1 <cjU^L_U 

0 j-A> C-uL>. t^l jVI 0ju5> ^£> l— (Jt_4 1 i_u_^ ^^yJLc. Lfcl Jljus La \j 

^y-LJsl (^jL-^UsVl J) ^ <11 ^y^ (jy-gaL^LJ I J^jJI 4-^5 J 33 1 1 Lo^^J J_c£LJ I 

" " " Jl 

(( ^jj-gg-»-I I J (^jL>JI ^jj-jJI Ljj>- jJ J-iS!j)) ^-<-oL C* i3 1 JuL£ ^3 1 4_£j_*J,l ^lc. 


.^yjLJI OJ. 3c. 4 jI JgJ i— 3jLi_a LT lc. jJI 

LJ ^jyliil ^L tii VI (j_d J^L j-jLJI I j >. 

Jl*j La 3 Jo J_>JI Lp. jJ jlSLJI lLUG ^jjL>3 ^JoLuj Ca-p. jl 3jj_go_! 

^JLjlII (Jj J ^-2 t4^il^JJ LjJL>. 4jjL>J I 4-ua-l»JI CjLcjVI jj i_3 j uoj . ^ jj 

4oa JlUJ, I l_p jj jI^TlI 1 dllj ^ t i l_Aj L^j t jj LJ 1 Lp- jj jlSoj ^ j L*j 4 4"^! I 

£ LLlt-uVl (J^-4J V La^_4 Ljpj CjLc. 1 lc<a II ^14> Ldp-gqJ. I ^ i_u!_3J! 

l_p- jJ JJ^J ^J 3ll I £J3J tL_gLJlj 4je_gtjJI (jL?e_a ^ 3 4 .4 j! 4 _Lc 

4_Lo L^LJ I 4 pe_g^JI 4 jLcjJI ^sjJ 33 (j_<J ^LlL VI j_3j i_u t ^_p_p: Julil 
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jJI C-^-uLUl jLtjl l_3Jl^j dLljj .jj^jJI ^ i \n 1 1 rtfl <^_lfL<aIlJL I 

tlijjJ 4^ jr U_>Jl 1-X-lf^jClI Ll3j . 3 JO- (jr ic (JSU 1 I^IJ ^ 4 1X3J l__3 J-LXJ 

4-u-J I j ^-Ci^cJ.1 (JLc_ 4 i_JjCjJ,l j_p 4_j_ul_>J I jLVl c_<_L> iJ c_9 Jpj 

(_ylc jsLClcV ' j-4 jjLJI Lp- jJ j-iSL j_j_»j <__3 j ljj 3 j 3 -U Jl_>J I 4jaLLaJlj 

^Jl — p^_aJI J »j t loll jLiJIj JjjCJI (JlLa — 4 j Jm 13~<H 4^LLaJI jjl u^_4 

Lj^UkJI Ji* 4lpJL 3jL^ j Alternative Energy 4 L jl> j :Lw 
(Jjp>ij ^ loc.V I jjjlII ^jjj c_ 3j i_u llUjlSj .Solar Cells 4_j l^-AJI 

4^LLaJlj .^1 j_aVl j ^LjJI dl sl_L j_4 3 jJ j3J,l 4 3jlo ill dLsLLaJI (JV-*3 ljj I 

4 3j3->> ^^yjl ^U1 jjj-iu-»JI jj_3JI (J^L>- Ldjlj ^\s>- j_4 4-Luaj VI 4 jjIjoJI 

^_u3 <-_3 jj-u j . (_yJL>J! jj_3JI j_4 4l >3!l j_A*JI dl j_u_uJI <J V->- 4 ju_jju ^J^l jj 

dJJjj i 4-u-ljv jj I 4^LEJ! j_a 4_1L*_3J1 j 4J_fllSLII 3^1 ^ t <>VI jjLJI Lp.jJj_t^3 

^jjD i l s~Ct 4 I ^£ 4_*JLlII L^ILaIj ujJ J-uC<3 3juJlCw 4 jj 3L4J_}L jl J_4 ^1 Jc^3 luL 

Lj^Uwj dLjLLaj 4-cLux3 ^ J 33JI i^y-xj L4-4 .4_Ljj_3fcjj j-AcwjjJcpjl jl c. 

LuSLcj <_£j ljj Lp> jj j-tScJI llIIj jl ^yij ^Lc^VL Ijla . dpi 1 .ijjsjJI 

jliffij (J A 1 JlitTu-u 1 (J^LC j_4 1 ^ £ l£Lo J djillJI Jjl XjH 4 l-LL*3JI 

. LlI 4^LU! 4j»j tloll 3jjiiJI j^l ts~i aj Jjl 4 _jJLjl^ 

jipjj Atomic Structure 4jjjJI 4 K-la 3jLcV 4 ^u_£j 

^ ^ J! 

.Grain Refining 1 jljl! 1 $.lLi 

j? 

j^-^33 Nanomaterials ^ j! jl! 3jujp. j « 

j I cjLiuj_>JI djl j 4 j Jl_Jl 33J I j )! j II 3_i j p jjq j-±£- 3 juj-B ^Jl 

^ .L^j pLJI jciij L_^j .Large Grain Materials 3j. j .<11 c. 

. 4_« 3 ju Jljv cj Lc. Li^ ^jlL^j 

. Cj Lcl Iq 3 ! I L_alnit_c 4_*_<_ul jJI d 1 3 j i 1 1 ju j^c. jjLlII Lj_>. jJ jJSJlI j 
W G ciJJ3 t _yb 3 jj J^ a . Jjl J-<Ui (JlLoVI a I JiitlL-uVI j 3^1_3SL1I dj-ll 

^JjlII 4j Jjj jj JlJ 4_LaJi,l (jl jJLJI j_4 4-4 J 33 1 1 dLju^IbeJJ ^ylE I j_4 ^^ylc Lul^tjl 
4 j^£LUI (Jj jJI dJJj Lcl . 4_p.LCcv.VI j 4-jjl .^|3°|VI IpcLxD j] j^x_u_>ij (J_u_<_u (_yb 

si 

1 IoIoC (_yCu3 V (_pJI dJ 13 J I . (_y^ jj jjSLJ I duJusfcHjl j£. c_3l3e3J! i^y>\j aU 

c 3 1 V3 1 1 4-pt-Ca jjSc l-£ j ljj£i .4_ujLlII (J j jJI j-o jjLJI I pwjJjjSLJ 4_ua j£ 

(_yjl l^^JJ l-^3 l CjVLtJ.1 ^U> (_y^J 4-U-Ujl J 4_jCt_^d dVl 3tj.l (_y^ 
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£dUl 


(JjjJJ L-uaJ I Juu ^ t x^alll Lkjl jLl^jI ^<u lJulUs 

<Ut-ulaJ I _L& j . 4jjjLJI Lp.jJj_&LJI $. l_<j 3j-p.j 3 ^j-9 jJLc CjI J > ^_pJI 

^Jj 4 ^Ll^^L t4_o^jJ j_£Ljl BjjscjlII £c_j i_ujj j jjjpj ^}\ <— 3 J uj (JL>JI 

.4_j_dljJ! (J J jJI ^Ajuj 4_j_l*JI (JjjJ! 4 _lC LCo-VI 3jj?e_4ijl J^j-qju 


oL^Hjla 

. j u±c. 4_*jj I (__£ ^IL>o tc_il jj! 4j^Lj ^jja l_j LSJI I I Jufc cJsJ LUj 

^J-4-^jUI ^ JuUJ 4 JjLJI Lp> jJ J-&UJ ^JjlI Ij i_u_J_q >U.J^3 <-jLJl (Jj_ 4 JJ 

4 L^jI ciuJ LppU <_u_q 4 Lp. jJ J-tSLJ I lIIIjJ ^La 1 Oj La Lc. 4_Lq I 

^LJI ^ J oj La_Lu 4 4 4 ? 1~ V X 1 CjVLc-LI (jj 3 4x. jJlU 1 £\ 4?j J-Lajj 

4j»j ilo 1 1 ^ jJjlJ I jj_L^j i LuJ I < ^- L< - u -^ L J I jJ, 1 4-ua-A I (_4i_p3 4_pliw 

4CjJLJI (J j^^II Lai . 1 ^ 4^»l jj>-j 3^LU L-4 j ^ 4 ? q j^Ju ^^1 t_£jl (^jJI 

CjI 4 ? ts> JljJu>o (j7 ^ 'ij-Lj^ 4_j_q-&I ^j_q CjLjjpJlj 3j jJI 4Jj_qj 1 q-C. CjJustjj 

lLLL j^Ju ^ II ^ ji^j L^j (__<-£. ^L<-I I (jl ( — ^ ^ j ‘^-il i£^J,lj ^ u^LjlII 

ljj L 4£_j!jJ! 4^>4?H 4HjL^j ^1 JjVI c_jLJI J ^3 4Cj1 4 ? ^ II 

♦ CjjjIoI c. 4 4_j_q ^ jJI LaLp. L^a jL&Ti-x-uJ (jP-J! jl j-qJU JjaLi 

^LL: £yu lL^jjJI 4 j 4?jj) ~^-<a (^JlII 4^_jLJI t jLJI ^ HILtuj 

4 4jj-j LJ I j! jJ^I j £^_j jJI ^j_4L>a L>J I (J <^>4?IL 4 4lLp. jJ jJSuj 4 j jLlI I 

I jj_5e_<a jLLI ^ °ij . L^J ^JLalu (jH-II ^ ^j 1 4?j 1 

CjLJZLII 4^1 /^IJ V Ij (Jj /^t 4?"( 1 1 ^-uSL 4^J_tl_il <_4jJI /^l 4? I I 4 C_jI_lII 

J 

cjLisiII L tpai 4 4j^jIjJ I 4 !j II ^-LLI ^ s 4_*_tHil 4 tLL^-U 

4 4jpl_Lll 4>^l J~&J 4_p_aI ^yl\ l^_Iajj . jl jJJ tilij cjIjLi^L 4_i^L>JI 

JJ 

4J Ct is\ <^0 ~v- jJiS 4 4_p- jjLlII CjLi ! U". 1 1 4 4_jjjLlII 4 ljj LI (JlLq 

J I ^i, 4ilLq Ij Lqj (jja LJ I i^a] I . 4i_q^ Lj £_j L_4jJ I /^>4?I I 4j>- L_4jja 

♦ 4-p. jJ j-tSLi I 1 ^"1 j g 4 ^Ij L^jv Lul (Jij-L Le_tjs j_q 4 4x. J-u-q 4 jjjL 

* 0. -* 

4_4oi^ L_qj ^p5^_*J l_jL£LII ^)_q 4 ^jjw VI 4 C-JLJI l_jLJI Ju9j 

4 3jLit_q CjVLt_q lILIJij 4JjI_lII l_p- jJ j_t^J 4-U-J.I CjI 4 ? j 1 Li" II ^j-q 

^4^4?!!^ qljlijlj 4X.lj^Jlj 4^^ l_uLJ! 4^>rtll^ 4 J7T 4^> II 4 jI_C.jJIj L-J. kjl^ 

(J Lse_qj 4 ^ nif. J L>J I 4^>4?I I j L^J L jJJ, ^ Ju-^jJ I j 4 -LlJ I 4j J 4 ^ l_*J I 
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Oj ^ Cj L-u Lt-u_>J I 4_c. 1 1 (_2-jLJ1 (J j^a-tiJn Cj Lujj^JV I 4_c. l * / .o 

(J rt I Lj 4 J J) 4_1 1 I 1 1 L£J I ill C. C-J LJ I ls~\g] 1 ^ J La-tiiTu-uV I 

4 ^jLlII Lj_>. jJ /.Vi^Vlj Laic*. VI juuJI ^ jl^j ^jJI ij, Mir. ^_jIjJI 
yy 4_^jI_ 2JI 4_Lxi^_tiiJ I 4 1 > 1 * 4 l— <_I» I Ll^^_»il<_u_ 43 4^Ji_*J! < jr lc. 4 _j^l Laliv VI LajIjTj 

I JuA y£ L 4 J 4-uj^-lI Ij 4-ua-L»J I 4_La tfujVlj 4 Li_>» jJ j-(£jJI 0 J 14 J 4-^tTi-Lll (JjjJI 

4?uA-^J yC. L^I|_>. Vl^ jl (4 VI II 4^J ts~) 4? II I O-A ^li^Ljj 1 A^l 4^J 1 I 

£)l jJuJI y£ Bj^JLlXI L^jLv^ie_43 ^yc 3^1 4 ?" 1 dVI 4j3j g Cj 4-4 J 3" II Lp» jJ jiSLJI 

(J)jj lI’HJ La.^1 t ^l" 4 Ll y^2> j) ^ < 11 (J >•! ^J-43 4 t _^^->. Vl 4_U3l_lII (Jj jJlj 4 I 

t_j j_L>J1j ^ J 3" 11 JL^tlil iSj^ l - u -*-^ U^i 4-cjL 3JI 4_^>. jJ jlSjJI 3jj?c_4i]l 

yA ^J^Jtjl ^JL*JI (JjjJ y JL>J1 t 34 ^ 1.1 4(-iiJ j£> i^rtll .y cLtil 

4_JJ5t_uljJl4_oVl diljjVl y^A 3ji^.lj La J LiTlC. I C. 3 4j_lLJ1 l_JJ>- jJ J-tSu 


. 4j <UjJI 4-L^-uJI tl-"i ItL. yJyJUJ ^C . J 4 
4_^L>J I 4 j3j ilo" Hj 4_j!bt_JI ^jLuJI ^j_43 j_u£J! 4_lI^ 4 (j-u ^ ^cj t_jL£Jlj 
(j^^iitJI jl Jl^3 y^- ‘J-sI-lII Lo> . jJ ^LL sLlJI ^LLLjlJI yA j^l J JJlju 
jl3s 4(-_jLiSUI I jla 3«. I^Js yA 3 JljLU I ^_u3_»j cy*j * ^^-^LI.1 I «Lc 

♦ 4^1 Wl ^jLv yC j. 4? 3" 1 1 ^jUJI C_<-4_4 jI_UJ 4cla_«_4J_U3 (J ^_4_U 4_jyL_4jLj ^-LU3 

4jLlL_4jVI jJ^L>- Lc>> jJ j-tSLJI 4 ? jla cj Lu_ 4/ L_u I c_s LnSU I 

^_3 I JlA (_^il 4_J_^t_uJo ^i!l l_UjJlj jJIS! til V I yA J-L&J 

3jyua yj& 4<_jll^JI 4 usL>JI 4j \a llj 4_j_L3lJI C-iLa- llo t^ill j_<3_>o 

. c-jll^LII 4 jI_4j 4j?e_4iJj 4^L>JI y j-^- y * ^ a ^yysuc, 
Cy* jliul — ti L>^ V J — ^*1 6' -ijlj 

4JLI3L3JI 3 Jl_U_uJI j_3Jl31IIj j^LtlJL yu>* }j 4t_jllSLll I JlA jL>ul y^C- y-LXSyuj 

4 OJ 3 SHI 4_*_43L>. t 4 loll 4-liSo 3 LL_uVI — yJUSJ Jtil 3jUj^ 3jjI^jJI 33il l_U VI 

juu-uJI t-dJ j&j 4 4_u 3-L>J I oL^c-j V-l Cujj^J I ^L»JI ^JjVl jLtilL-uJ, I 

(J I j LtIu.t.u-1 1 iy a]n ts~) a ^jlIII J_lC. jjI5>Jl!I -Lu-aJ I j 4 t j_ojjij i_L> yose^A j^I^jJI 
1 j?e tlulJ 4 4-L^Jjl! I CjL 5e_)VJ Cu £3^-11 ^-*-1 ^1 *-l! J -J J^3-U ^jVjVl 

3jl jLi ^-J^Lcj ^-L<3_>> ^-11 A L u l 1^ ^S L t-aJ I ' ly^ Cj-A^Lual I 1 ^ 1 -Xj Lt-u-43^ 

yCt->- LJ I y^^Lcj tli I (j I } till . 4-43 Jl3IX I <1 1 OyJ I ^ 4 4J_j_J I 

^L uuz 3jjI^jJI ^4143 j^JJLj (J^lj 4 4j^_j_>J I Lo^jJjlSlJI 3jJI ju (j^JLsLaJlj 
♦ 3yj£lX\ <4_J_cJjJl 1 A ^LiI^LLc jL_ld_43J ‘£-JL Jl^C-43 j^jJI j 4 ( j-43jJ,l 
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£dUl 


L_u (j I J tHJ 1 CjLl ^ lor. I 4_JJ>- 4 is^>y£) (jy jU J_<2J Vj 

£^L>.V! g. U1«J 1 5 juL_uV! i^jja ic_jlnSLII lJi] J- c 5 j_u>.j (JJlc. 

. (j L LjJ L jla 4_*_o L>. j 1 5j_& LU I j j V I 

Prof. Dr. — <-« I}L — i_uVl j^jJLj <jl 

t I 4 j ju ^lc. cj j-^-lTu oia i^i II jJI ^Jl_*J! iKciiji Suzuki 

. (jLiLjJLi ^.tb jlo 4_*_aLs_j _il ^J.1 Cj Jl^jlX 4j jLJs Caj> o (J_$_*JL C-l£j-l1i 
4 L j Lju_ 4 4 4_*-o ^yj, Ll^c-c 4 L^ jlo. t L *-uo I l_*J I (j c j 4J_4 C.4 .<Lju JuLl 
♦ 4 4rO 4.0 4 TlL>. ^1 V 4 4 4.0 4.0 V" 4 I < I 4? M 

j> " 

4^JlxII 4 L^_j_3t_il ^_u3 j_4_u jj^jJI ^ iTu-u 1 Mill ^JLtU ^_i jJLj j^~tlu 4_j_>»j^ 

4 ^jLlII Lj>» jJ ir. i jyj (_ul 4_L« Clc£j_C. (__£ jJI 4 4_J,L*JI j-jl jj>J1 Ju-sdLo 

. ^ j) alo Co Lj J£j JlSJ ! j ^ ji j_$Ji I 4 I (^y-sJLaJ ! 4 j>- Lj^ Cj bj 

Cuj^SLII ^1 4<jl ZLaVlj aJl CjLI ^^aJLitJ £j I 

Jl^jlXI ^ulj £_jj?c tliJj 4 _aJlSj La ^ JL. 4 4_j_<Jl»J I CjL?c_j^LI 

4 4$ 1 1 Jl^jlX I 5j_j u±a 4-L^o I j_a 1 ^j-o 4 (jLLa L lJ I j (j-Cio* LJ I 


.4^^_*_Uj ^JjlJI (jyJ-C. ^cjLSJI ^y < lo jJ I Jil 4 ^>"4^1 yjjsuj ^C.J ^^1 4j-c IjJI 
^_Lc C<-4a- l» J (jjJLI — ^jLufj L (jr^3 — Qj* ijr*J ~ LJJ ' 

j^. cuJ I ^ cr-*- 4 ^ 6"^ 4^^jLpe_i ( _ jt jL_>. Ci flU~4 4 4 j ^ xJallUj c_< >JI ^^Ll^ 

. ^3 Lo*. j I j-Zii_4 I ^3 Jlj L_4i_4j j-i-uzd L >-i (jyJ-c. 4 4_4_5tJj 1 j 

I^_jJJ Lu_ 4-^ j I Jlj^_« c_j LSLI I I jjb (j (j I (Jj>- j j_r. 4JJ I ^ 1 4 !j o 1 j 

. 4 ^ ^ U j 33-uCdl «4^jjtXI ^JLd) 4J_<_4jJL_u Mir. ( j- c i(J-t^L^VI 

4 4 4 t _^^J,l 4JJI^ 


^yj L JLiSiui V t u^LJ^Of JL4 ^w 4 . J .1 
Cu^SUl 
2010 j^Uj 



14 


JjVI ljLJI 

jjUII Ji^JU 


white 


I 


JLpsJtj 


4_j 5 j_lju-£ 3 4_^i^ 4 Nano jjUj 

4_jjVI 1 ^JL*JI c h'f tli Julj3 

LaLj_>. * La uj C-l£>j till ^jl Juu 

do! JuSj . qj aJ! !jl& 4 jI Jl_i jJ_4 4 j_4j_JI 

4_j_>- jJ cj! j j i lo" llj cjLbLou^VI 


< ii^l jjLlIIj CjIjUoVI j 4 a h *a- 1. 1 

C*jLl3 Jlju 4_u_u j Jlju La 1 ^ 4 >o 

^Lj^Ls C< llo (j I Jlju 1 1 ^jJuu 4_j_lC I 

JLp- I J ^LL>. J)jj?e- 4 jf <_J {_yA 

<^4 si t ,UUii 

♦ cjL! jjj 


ijjLJU u 

4JlLI! ^j_a 4jj^t_La 4 J^L) (jr Jt jjLlII 4_aJ^ 

/ \<Nanos ^jJs» ^ *-*3 j 4_a-i jLi]| 4_ulj^_jJI 

jLlLs ^jja Ujj>. jjLlII ^ (JL*_a (jr^J 


jjLlII Cj re_uol» 

( _ r «aljILa ^ cla. j-zz-) 4-Jj-Lc_J 

4 4>Ll/s j_c-i i_ 3lj LsVl 

4^1*. II cjljL>oVLi 4 _Ls-L_uJI 

^_uLljJ 4_j_L*JI o\ jJ> 1_! 3j_uJ,l 


4. „luu J_L$J \ ^ 4 1 1 n 1 1 n ^ I ^ 3_UJ 1 

I ^jjQ L 4 i » t*a i ^ 


«4^JtXlj pistil 
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£dUt 


j-ajJI 3 jaw j t Nanosecond) 4_ula jjII i Ma.^ . (jjala l_ 3JI j_a Ujawj 

j> 

. «3 jaw I jJI 4_uliJ! jas jl jJ_c ( jr ic. I jl>.I j» ^jju (Nano See ^_uaHJ j aaaitj ij 

^1 4_tiuMj! (^jJI ^Nanometer j1aj3Li]| ^jlr^.n * JULjj 

j> " f t 

j^?r U c-awa V] jja V ^1 I jaw 3j j» ^11 ^Lt lm ^\ Jljlsl 3 jlvj£ i nm 

jl Iq °ll jLjljI j£. J+aul] 3 Jl>.jJI 4? Jafc ^Jata i_aJ J . IJjaSLlVl (<_Jj£ UJ 3 j£A I ) 

Jlx 4 j^-^cJ,I diLc_; <_u_>J I j Lj^L>JI j cjL^jJU j jIjII ciilajjaw j cj!j 3 

(jLjJas) jjjJLfl <_3JI j^S UjJV jL_uJ JawljJI ja_CJ_llaJI J . CjL_u J) j_Ulj| J Ljj-U^aJ I 


jas s-jaw jL jl« — Data Jj>-I jJI jail jL^ ij^.1 j — -aJtaJ ji 4 jail jas ^j — > 

( 2 ) 

jjSa a Lalaa (Jjio jala^ (Jjlau Jaw I jJI jHajjlail jib 4 4 jj 1 3 <dlj ♦ ~ j HajjlaJI 

4aa>lja_« CaJtaaj L^jI la L ata las 111 j\aw jj JU^J I jll dllj j j_*a 3jj 13 £ 


. ( 1 — 1 j J£,~uJI j\_ua j_A U£ t^jauiaJI jl jaeJ 1 ^ is~\* 1 



CjIj 3 j_a a 3j3 1 3 ,j-aa LajSas LjJLSI 1 3 £c. ub^_) ^y—La-da-^o ^ .<<ij : ( 1 — 1 ) J5L-*UI 

jljao \ $ t^> i > ) 1—^jLubj j^LajjLi 0.75 L-^Jl^ 4>a_».ljJI £_JLJ! 

3jjL>LU! CjIj-l_I I ^ItAjLLiai j-tuUa} jLb t J5L.tUl ja_4 .<j»a_3i_JI 

(4) 

la^vlj ^.Lu 


3j_L*aaaJI siLuIu^l (Jl jial jlaul (j-ula^ 4as Jiitla_ul I jaas ^_sLaJI 3 Jl>-J 3 

ja-uuJI (j^- 4- 5 ^ 3^1 (j-u_uL 3 _ 4 j j -*-^£3 ^ Jas cliljjlj 1 1 Jav. 

2 

3j_Iaj ^aj£LII ^jLHI j£. jl jl ^ JiJtll jas JjlI lOJj>- jJI o JlA ^1 JiifcIL<-olj 1 ^ <r. 

4 La^IjuI jjLuJ (j^aJlj i III 4_bjj_*I! $.Lj_tlVl ^jAaj jja-a (jyl^ < ^ JL £j- UJ 

jU^ ^joila^ la Jjl La 111 i^Jlall ^j-u.t-u (2 _ 1 ^ jJ^LtaJI ^als j_4 j_A Li£^ 

Ijaaijj^aas 1 20 J 60 (ju ^jljaj 4a 1 Jatlui£ t jL_uJ^I jaul jas 3 Jaw I j 3j_* 1L 

jjaiaa jaa Ujav. ^jL_uJj iBjaJu-aJI »LuTu a I (Jjl^i ^j-ulaaJ 3 Jawj jjfc tjaaajj^all j 

i(jaaijjLj 1000 (^jLuJ Jaw | jJ | jUajjSall jl ^jau lj_Aj 4 JawljJI jail jai ^j^ 

j_laJ LaaaJ I JlA . jaaajjlj 120000 ^1 60000 JjL*J IjJ I 3 jjl1u j lo 4 j T I 
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HnjniH ^iUt 

(J jL*J La (^1 ^ILoj^^_p3 2.5 J 3t_J i_uJ^U £.l^_«a_>J! ^ jJI Cj!^^ ^j_4 j. ]n°\ 

jL-djj^Slua 1 J^z-) l^-J jSJ! L^uSL (Jl j-LJ ^^LiLa ^J_u L«aJ_ij 4^ILd^jL 2500 

.jJ-ojjL 1000 ^JjLaj La 


jjLJijjjSLdi 

I JJt 4j! Jj j_)l_J! L_>» jJ S jjj Jj^LLaj! (i J_j_l£ 4j 1 t 4 lo^^UL j^jJu>J! {ja 

4 1 jJJ j,j» 4_ui_j^ j 4-Uj. I ' CjLcI luaJI ^l_d&! l < il 


t^Iuajj^Ldl iS^- 1 ( - u - c (jr^l ^->Lll LuaJl oJUt CiLv^Jt-a j CiL^tlLLa < 

£-Lj^ 4 _u j^a^LlV! CaL^La 4 -ua-A>I lj JJ - )lJU Cltaj 

(jr iilu ^JLjlII CjL t^u ^ J ^lc !j 4 LaJ?ej>. 

e s ^ 

^ I 4 j jJJJ I Jo LJ V I ^j_*a j_L^ 4 _La C-4_j_>« cy. i_ul jl C< L> i ju. i— u ! (^jJI jIuajj^ji.L 

4JLc jJ! cJ LlSJI 4t_j^' l-uj^SLlII (Jiua clJj (J l3 L^-J l> £L ^-! 

4 _u_ZJ! CjLt- \V\is^ 4 ! ; cLij^o^o^-^—J, ! 1 ]\^[icroorganisms 


L-4-<-u I j_>J I CsLcLu-'j ^JLc JjSj IjlA .jIuaj^Li.l 4_La_iJjJ,l 3 j_l^ LJ! 

L.I II ,j I 4_4 Jl2HI,! 4_uj^L£JVI Sj^jv.^/! l j r a Lfc^-tC j 4Jl2_J! lJij! I j 

(jl£w>aV! {JT ^ OJ^ J>lj 4 l_$Jj JC ^ 4^1 °i I cLL-^j JC 4 jjL^j^_J,I 4 — jjj^L^JV! 
V! Sjijjv jll Cj I j ^I u_uj_i IjLJ I (-JsLlCjI ^Ic. C*-pt_J La Jl 2 j ^>L£J ^_j!j_Ci ^Lj! 

JCj . jluaj^-J,! ^ya ^->^1 j_& La ^1 Cj ' jjTu-uj-J 'jCii 4_aJ^i,l CjL^J,! Cjj-ju-o ! jl 
j_j_i^ lLlcLL^j ^1 jjLJ! ^ fu.aX Cj lj^H_4_uj_i I jLJ I CjL aSwC ^j.43 ^j£LcJI 

4CjLL_J! j caLajim L^jIj jc 3jLjj 4L_< i_u! j_>J! o$. 4x.j <_u 

jjVl jiji 4j La_4 4 LkjLu_ui_j J j L^aL?Ej>.i Ll^jI cl! j j 

.a^_J! ^!j-j ^jJ! j^t-J! ^ ylc. LfcjLilil 

Ljjj LaJ^J>- Cjjtc-u^jIj 4JU_J! L_j j!^! 4_cLu^j Cjjjlaj jCc ^JLlLj 

csLajim j Cj! iLuJ! ^ b L^jIj jc cjjlj b 4 3^. Li^ j j£ 1 j 

JC j . ^^-CjLI,! jj^CJ! (j <a CjLu-ut lCJ! 4_lIc Cul^ La i_cL*_CjI 

(_4j_« 4 _uj^u£J^M L^jL^SLo Cajjluz (j I Juu (jV! i_ 44_LL 4JLLJ>. dJli 

(Jlua 4 3 ^Jl3lL« 4_C_lL j i£-* 1 P L^l&f La_4 4 4 ^.j_<_u jL^l Cc^e-LsL^ 4 jjLJ! 

4_>JL*_4 4 4_u jjL^JV! JjL_u jJ! JLlZl^u! j ^JL-uj! 4 4jjj^_l»J! 4-SL-LJ ' ^J] jJI 
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£dUt 


cjLjLuJI 4 >JL*_a jijtii uj\ l (_uilj 4jj. jl&. i H lL^j! i_ujJ ! j jj) 

LJT Ln_uL>- < ojJI j j-jjl ^alLl t 4 jL£j 

Cj I JlC 1 u±jcS 4J Lill I lJij I I lLUj Ifu _L>- C < a lo J J I Jut . Li i_aJ^L« 

ju jl>o aLI^j JUoIj ‘Personal Digital Assistance* PDA 4 4_j_^ j 

. l^k. Global Positioning System * GPS ^1*11 



OjAa a LU iL2^j_3iII *L<_jfVl i j-4 1JLC. L yu-u[AA 4-jjULa : (2 — 1 ) JiLjJI 

(4) .. .. 

. j^La^jLUIj * j^Lo-CL U . I .j. k <a j. V» t n T I *4 a l"*>t a ^jojL-3 cjI-L>.^j 
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Zj-y£tX\ 2L^L!I cdij L^L Nanomaterials 4 jj3Ll]| jl jll cJojjG Ll&Uj 

jl Lk_}L*j I jji-uLla Cj_ocj l_^_>- Lol I 4_a J> 3" JJ jl Ijil ^j— « 

C)^-yz j-& U£ 4 jCojjLj 1 OOj jCjjjLj 1 £j\i 4-l.Lw I jJ I L$jLlj_ow _iL*j| 


AJ ^Lsejwj (_£jl J — j9j . (3 — 1 ) CiJI 



(A cA! J IA' 0-“— 

La^LsuI Ju)3 I joeowJ I 4 j JljJLZiI I jl j-q-U ljoL*_« jJ i_u ( 

V j-udl ' 3 ju j tfu (J1 CjLL-^ L$j j. 31 j33 (jlj 4 jCcjjLj 1 00 

S> 

J I j_a 4 jjj [jJ I J I jl I Juuj . 4 j JmI 3" t 1 J IjJ, I 4 _>_^Il-^-^ JL>-jj £) I (j£L$j 

0^1 ^ ^ 1 1 ^ J 4-U-u L_u V 1 4j LLlJj ^jJj_LjJlJ I j ^ _} L>J I £ L<_l1 1 

Low jj j_£3<Jl 4 jjLlII Low jj j_£o^ Lhl^ tfu-*-Jl j jL>J I cj! ^ jj j_£o 

J> 

^ Jl3jJ IjLj_*_4 j^Oaj L;T IlJ I j (<Cj VI uCjVI j CjLojJjlU Lo>- jJ j-iSo 4 4 jjjowJ I 

. 1 V I 3j 1 J 

i_dJj »j x^i t 1 ^j__« Ijuj-a !j 4_jJLlII (Jj) i^3tl ^ 3 L j 

. 4_3iloe_l I Cj 1 3 j i LajJ I iJ ^ 1 ^ 3jIo jj j L<1 j_j_o2j>o jj-La j 4 _} I jl, I 

<__3 V-^JwLj c 3 1" TfcJ C-QW 4jJu^2_U 4_Owl_J 4 jjjL<JI J>! IjJJ £"J_UJJ 4 I Jufc 

jl 4 j»j tU _d j 4 jl 4 jj ^ r. j. J r. jl 4 jj i^r. jl j_a Q j So (jt£^ 4 L^_i i_uj 

^-i-o LLslI I ^Jloa 4_^ Jj_3i_l I 4_j i_u JlI^J I J I ^_1. 1 ^1 jj I Jjlj j I JL £t . 4 3lit_43 

cjM 4o>jII 4>L cl 4 Metal and Metal Alloys L^jL ^ 03JL3JI 

t Oxides and Minerals xX\j jo t Semiconductors 

jl^Tjlj 4_J jVl j tl 4Jyj-4 J jjlj Polymers cj I j <^jJ jj] I cJ I Ix£j 

. 4jjjLlI I 3j ^jwVIj ^-Lolj J.J 1^1 >0 ^ 3 jjLJJI Low jJ jjSo 1 ^_lLc. 

Jl*j — La^LjuI Jow | ^_o_uL 3_4 Col^ i_4 131 «4 jjjL<JI)) 4_3_oaJl 3jLtl ^ 4-4JJ 

.jCojjLj 100 ^ — (jA^- CjwIj 

4_oLj_c_j^ j! 4 jjw jj j_o 4 a lo d Cj jL^ c. I j uu 1 4 ^ lo iVl £__j_$jw j j L3jj 

JlI^jj j_Jj 4 J I jJL ! ^ 1 5 sjw |j ^ Lu I Ij-laj ^ jJ I Cj Ij-ujuI L 4 jj Lj^ 3 1 

4jjjLlII jlj II 4>Ju^ 4£J i_uj (^JlII uLa a <H ^ > I j_Jlj^ 1!I lj — a 

j-^-1 ^>~ tjLs J H.„ . 4jJbjc-U 4_o^ jJ^_L±]1j cLuLui_jSLI 1 Cj^LcLajJI 

l»l ul>.? (^l ys*s >. j C 2AK1 I Blood-Brain Barrier j-J] J^>l _jJI ^jJI 
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£dUt 


£yC. C. il23 4 4jJ_C jJI 3jjJ II ^yC £cJ,| ^J| t<~T\ £j I yA 4 Uj-C 

o' £ya ^jJI tj*-U i^\ (J (jl {_y& 4jj-jI_lII jl^JLl CjUjjjo. j_La 
(J .itaJ ^UJI Lu i_uj 3^_u£LII ^1 3»1 3^ i I JJt £_iU jl j 5cj>JI 

j> f 

3j_&LlaJ1 4>Jufc Joij i_ul J 3~4 I jJ 4 Cj I^IL a j 3 ^Jl 1 


t^JJyUS l i3 J_^J £cJ,1 ^ II Oj tlfl_L>3 J ls~T) 4_ul JJ CjL^J i_u_>.J J-L^Eic. 

. i ^ 1 7r I i ^ I^H-^- 1 ^alb (jl ^ 5 l£ 2U!jl jl 4oJI II 

£^JiifcJ L^JLfcl Jo9 4 jjjI_lII _}1 ^i.1 <?Jufc y*-t^2> (jl ^Jj^jl Em m 1 jjjl 

«-3 j^ii ^1 J-^-^ l^i^Ev. J- Eg j ^jij 4^11 ^1 j- 4-^1 jil ^jJI 3^1 

. lj-tIoLj_a ^LaLftj 4_*_a (J-aLaluj 



4.1a jj I 33g .•>» La ijyjus J5L_4lJ t ^ ,,, lr. ^ tT I 3j^_uaJ I ^ ub ^ 3 — 1 ) jfs JuJ I 

High-Resolution Transmission 4_a-ai ^Lc, a-aiui ^j^sLdt 

4_J£jlj . I . -w <4L_4L^_4_>S_4 j O <4 A t j a Electron Microscope 4 HRTEM 

Ia^i 4 4^*i >"1 ^3 Zr 60 Nl25Al 15 yuu Q I — j5Lo — I 4 * 1 iLm j_a Aj^JLs 4^ 4 t^iT 

jLxjI jl J5L_4 ULj . 2003 ^ LJI 4 1 or. Ja-Jji3 4_)LHSLJ I I 4 t-i...<nl^j 

I 3j^ 4^,TI £^u3£j£ .Ljl^La^jij 3 j^L>Co^ ^^uVLi L^jJj jl 4 at,! CjLu_i_>J I jLLa^i 
.(5) uLlooJI vJlUj jj-4 4_|_(_0>J ^yJLi- (-Li I i^jjJ! 4_4_4_)jJJ I J ^LujjVI cTI 


jl ijll C.<JLaI 4.^ j-i-4-u-l I ^ J C. i jy2> I I j CjI iL^ajl lIEj £)| ciElIi V 

clu-a L 3 i_4jL£ CLc^s-l.ju£2> Lb 4 3 Ju JlJ>J I -ilj-ll c yA ‘ 1 C. ^ 4jjjLlII 


^3^1^! Jl_Lc La^-jjG ^ loEu Clx-O- 4 4 3 13 1. 1 CjL3j. 


i Ei" 1 1 < 
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rt"nj"niH ^iUt 

jjLlII ^ < <il 1 ^ j 1 c. J) 1L* I 4_jo* 3 jj j I I j A 

Jla 4dVL*JJ <^b 4_^iLdl ^Ij II c 3U^j .Nanotechnology 

bllj £->Ljl!I (JL?c_ 4 t4 j il^ll j-d i 3 » II j 4 jj.}VI 4_C.L_Luoj i_ < h> 11 (Jlot-a 
4 -iIi-lI I ds Lj jJJ, I 4_>J l_*_4 j 4-j.uJ I (_ T ic. db LL>J I <J lot_4 did Jl^ ^ 4 ^ jlo I I 

I dsLi 4_C.l_Lo3 (Jb*. JuJ 4 jjjL_L 1I ^1 jd.1 c j lb jG_4_>j . 

I jla .4_b_ibjdl Sensors ol ^L_oj>JI j dLbjjbSdVI 4 4_dVI dL ^L>JI 

4JL_3idl diljutdl^ 4 bJldeJLl diljjVl 4-C.l-L^ ^ II ^bLtdVLi 

jow I bjjoddlj 5 juJu>JI 4bLkJI juuj . »lj) < n d>- t _ ;r lc. 4_bj_b_>J lj 

^^b 4 j^jLlII jlj-tl ij^c- -sLddVI J) 3 < *-*h d-^*- 1 3 jm 3" i_uJU diVlotd.1 ^_aI 

.Fuel Cells ^>11 oLjLLljj Solar Cells ^.^ddl L}Li*dl ^ ^ 


$ <Lu^L4 

V J I JlJ J Lc. ^_j til jbd V I db LaJ V I (jyA « Ljj>. » db rtl (J ^sc-u^ I 

(__3 Vbb»- I j 1 4otb l^> dj 4 j Lib £_ _j_<a^e_i ^ J L*J I I dJ I J (J d 

^-l.l3 4_j_i lid I 4 j-I, L*J I c_3j >J I 4_j L^j jda dU 3 j 4 4 j Lb 1_3 jj 4 j 1 j 3l*>» 

. I JLA l_Lc dhl> dj_*J I (j j-3J I <■ 3 / .o" I xa 4 j I Jlj 4_L.La di I jJ (_o 

JLlC. I j Lola ^-i . to> I 4_jlb t4 " jlo Ua-oj ^^^JjlXI 4_j_^^L& ^yc ^UI^JI ^ lr.^ 

4-j llLc ( jr ic. l^-tlo ‘ L^J (Jj >-d I ^ J-3j ^ J_4 4_j «m3j! I tfuJ I 

4jI l.uLu_uJ ^JL*JI ^^^b jj-cVl CjI jjj>=-a L^ lC " ^ <3~ * ^ J ^3 l i^"°il 

1.1^311 1 I JLA ^ < jlu £ I J_3b 4 ^ j 4 l_ 4 _u La Ij L^J Li^aJs L3bj L^JU J-Laj J 

Lj>- V I ^b i__3ilotj >. ~\ Ljlx (j Lj^ ^ I L)^ 5 >rf-^ 3 

.4Jj > l J Jll (; ^^L^Vl^iai 

Lj-LIo-iJI Jjl jOil 4 oc_UJJ (( Lo- )) da bU ^JOC_43 L-OJj-iU ojLiC ^bj 

^jylbw ^j_45 VI Lo- jJ j-tSilll ^-1 ^JLlII »_lII J^db 4db bll 

LULc. La mi 4ibju>JI dil j3j i Li" 1 Ij 4byLa_*JI 4 _j_LL»J I di!jL>oV! dLL 

4 Biotechnology ^j^pdl Lt^^ij-^idl Jiu 44.^111 LaLc ^Jl JMb. 

Lo.^]jbSd 4 Genetic Engineering 4 _ulj>JI dL^SUI 4 ^jlIa Lo-^]j_^j 

4 Communication and Information Technology dLa^mi j dVL-d 3 VI 
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* Micro-technologies 4 -L^sjJ! 

* Nanotechnology ^>LJI L^]^&3 I j_p.lj .Micro-electronics SuL^jJI 


. 4J Ll3j 


ill <_3_JLis_a ljukj 


4.C. ^_a4?e_a Lsr L3t ^ ^ t-uj-ti L&l_L*_a_j Lij»* jJ (jl (_yJLc. 1 < 3 a") 1 La !3l^ 

Lu J) t t laj j dj 1 jj_La_<J I £_ i j) laj ^_yJ 1 4 t_a I^J I dj I t',7T,\ | j dj Ij i — g-U 

t La 4lS! till 3j_t_<aILdj 3 Jujd ^Jj>» I ^j__a 4-ia.LtJ 1 Cj j) 1 I I 

^-t-A jj {^y \ 3» II IlII ^^ylc. 4 a^Ls 4ijJLv djLstlLLa ^ If. <J j i^a_>J I 

1 Ljj>. j_tSiiI I (j 1 1 cJij^ml I I ji_A £juq Ll! c_4 j) < n4 t I <_uj MJ 

^-La-<-u ^^ylf. t? ju_a (jl i_ojVI £jla J_3l4 1 j I 3juJL>- d< i_a_J 

d>jj) laj ^ydJ 1 i 4-lL^aJ I 4 j !^_j_». ^Luj 4_ij L>o ^j_a j 1 1 I j A 

.iLstjV tc-tJ^dlil j ^LLjlJI ^ If. Jl^Clju diL>-^3s_a Q 3 ^L<-I ‘■ilta J *-j 

JaHlI 4 _JLjl4 4_ijIjlj 4 ^ J La-U t? Jlj_j tfuJ ^£ dilLa-s 3 Jajd 

(j_a ^LlII (_ul ^j_a ^jl (-hjVI ^j£L<a_S ^_yj| 4^LdaVLl lji_A ♦ 4 J 1 a f . I 

I 4 J 4_3J L*J I C__cJ I J till I ^j_a \ g jl O^J ^ I <-tJ Ct->J 

4jjJLs djlfT (_u_a (_yJLc. <J J) ^ J> L I 4_tSLa_j ^3 t l_^_t_t£'^3 4 Lv. I jJI 

t_t i_ul_a 4 a 1" n 1 tiiJ ij. g i^i\ I r. dlijj 


C-t-t-t-q] I 4 A$A CjLcI Jl3c3_ 

i _ ;r l] I 4 _j_ 4 ^_tJ I till l_9 c_sL*_i 

( _ylc. t?j — <a-C. 4J — t_tj Jj^_qLa ^ J 

L<a_>!j 3 Ju C-< (_ii_lI L^jI 3 Ltaw jJ I 3 ^_a 1 4 (jj 

£1 i_ujHl I ^ j-4^1 1 3 1 1 1 t _ r lc. I Jufcj tla 34 1 1^311 1 1 ^ j 4 ju JL>J I 


0" 4 j. j c. ^yJI J t3jL>- (_ y lc. la 3 

^_yJLc. c_< LlUI (-uj^l ^^y^ 

a LT k. 4_I^I^ 


(6) 


til JLlC. 


^jLJI Ljv^J jj£3$ j3LJt (^1^ 

rnl^-v jJI (Ji-a^ ^LalufcLj 4_3 jI i_u Lt_>. jJ j-i^3 (^1 claj>o La-jj 

Lu>.^^&3 (3^ijj jl» 3 ^yiil Nanotechnology j— iLUl 4 j 

^yJ-Jsl ^jiLm^VI aLa-jVlj ^ j 33 II cull ^Ll31Ij t jjj tii_*J! j ^jL>JI 
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- 1 1 £4UII 


u \ jju Cy Zuu ^ jJI ^L*JI Lilta Nanoscience j^LJI ^Iaj 




1 4_o Lj. j a 1 1 1 4_u Lp-iSL I L^Jl 1 g i<~>\ (jpj uj jjLlII J>! j_o t 3 j <-ojjj 

. L^_«Lsejv j j. j * jp. 4ltiLi!l 4 _L^_l3jJ,I j-&I j 1MI 4_<_uljJ £-A 4_^pL£Ll,lj 
jJLojjLJI ^ jl jXI (joijjllflj j. j» is> \ 1 (jLpJI jp. ^j-c. j 

^ 4 \ X j ^ C . jj l_j jLjjlj 4 _l£|j 4 j<a 1 X 4 a < nl’4 j_& <Jj i4j|j JL>* ,^.3 l^JLA ^yx jJ 

^^yj] <-_3Jpj t 4-0 Lp.t£Ll 1 j 4-p Lj-p I 1 Cj L j . laJj I C-<jIjjj CjLj^Lj ljj^X^ (__ T lx 

L^>l JJ*. C-<-<-U till] 4 jjjL<JI ^1 J_U J_ljjL l 0JJLJ _}l J_U jp3 3jU JL>* 4 Il3 ^LLI 

I I Ju£ 4_d JlZU I 4_p^ jj j_t£LJ | Cj 1 3j t L>" I 1 Cj 1 l 1 L>" A £_4 3j -L^TlI. I 


^ jj J-pu-C j_lX JUj43 JJ5tJ (jA^ ^ 1-iVl jjjjfcjj 
JJl L-JJ plJ £_U3J (jl 3 4 jlp ^ lj-^1 J-jLlI! ^-Lx L-ilJjJtJ J Ji_U 1 <pUJ 

L^J j_>oj L^jjt tinJ IjJ^j ciUjj i4j j_*_l^d !j-«! juu jjLlII Lp. jJ jj£LJ 

oJJb ^J] j. lo n CjVLjcJJ <? J_A jpj (jl O-p. 1 4 3 h X 1 4 j 3j ilo" 11 CjVlpeJJ 


jj LJ I Lp. jJ J-tSlj q l £ i 4_4 Lc. j . 4 _j 4_t-£3 L>J I Lkll I 4^>- j ^ya 1 jJ I 

4 lxiIj^j <n (JT lc 4 ^jL 2JI 4-^ar,ll Lp- jJ I i-ilij L^jL L^Ajj-ju £j e \4'i 

JJ £-A Lp.1 Julj 1 1 3 ^ ^^>-.^1 4_1 (_uL_u^l ^ jJLjlIIj J-iLj-Jl ^ lr. 

4_lL>- I jJ I i ^"i j < ) ^£s ^£L?cIiJ I j 4jp LlI \ J I 1 (^-l.L^- 1 4_p. j-t£j(J I 5j Jl ill I 

<j /^>j Lx-4 4 L 4 J 4j^SLI,I Cjl_ujjp*JI j CjIj jJI c_4_uj3j 4-ISLlA 3^ Lc. I X 

. 4 3 h U CjI 3j 1 t-Ti 11 c 3 lo^j 3^-pTua CjlxtlLLa t _ y ix (J 

(-^1^-LsVl ^^^pal^ILo L;r ^Jx. jjfcj 4j^_op ^jLcJI Lp- jJ j_(^j d< Iji^jj 

^-ojLLjJ 4jJl*J1 4?LJsLj t3^_pU 4 -P-UJ 1 Cj 1 j L>i_! ^ L j 4_tiwl l^JI 4_A>Lp 

j . 4^_*J, 1 j ^J-*J 1 £[j-£ 1 (j-« La^_lX j 4_j_lLjJ 1 j 4_u_u JlI^J 1 j 4_u_u L_u V 1 1 

^lpi_>. 1 jyi^ j-a VI <: ^i cixlt-ojLa (jl ^jLlII Lp>yj-^1] ^3 

Lp- jJ 1 dJ lG (jl L^-jI tfo jp (jl^ 3juj-^ cjLj_L3j Sjlx jL£! lulj 


ol j jij cpxMiil j Molecular Structure 4_pjpJI 4_p_J! ^ ^^tiil jp 

t 4?t I I JlA jp \r\ ) lj . _} I^J, I ^ I l_3j j S^m 

I jp 4_Lp_i Jl>. I j Cr^ y 1 ^ V jj LlI I Lp-jJjjSo Cj 1 3j 1 laj (j 1 3 

(Jo mi"! L^jI Sj t La3 JL I«J (Jj a_JaJI jl 4 iiiJlJ^JI jl L*JI 

.(4 - 1 JXUI) o Ul iU-tlj 
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£dUt 



<Lj-^LtuVl ajj-L >. jjLJ I L_>. ji ^5 Ljj ^_Lc > unVt i : (4 - 1 ) jJSLjJI 

(4). .... 

4 uj L^- lj-L^jJ 1 ^J lh it 4jli^r.i CLlC,jJu 4Ju*a 4£-Uv CJLul ^yjJI 


■"J -3^ ^_ ;r A jjLlII Lijv jJ <j1 


(jy j3jl L^ILj L -^J~ L3U cl4 ( — cl)- 41 <J-*-Ij ^ 1 - LjC lJj- 4 


L^jLj-lojj Ljj>> jJ lIHj c_jLlC. 4_jj ^J-lS cj- 41 L-4^-3 t j-jl&j IjLA 

4j9^L<3-*-!! cj !j *a_SJIj 5 jLj_>J I cj 1^, h I^i 1 1 ll\ 13 ^jl L<J 1 « 


oLJ.1 ^_i <-u-tJ jjze-y j ^j 1 LlI Loj Cj L aj^UI \^ CjVL-^jVI ^JLc. Luj 
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Ll>*jJ j_if£j c_jLlC. . 4jjjj>J I Ljj>. j] j-tSJJ Ij 4_uljjJI 4 ljj JlI^JJ 4_3_j_<a_*JI 

< < tl ^JLc. 4 oljL>o^l dllj (jl ^JL*JJ ^J j jLlII 

III LiSL^-^ ^SLj ^J U£ <?jj>oj ^LLsj-i-oil 4j5t^l£L«j JjjJIj 

BjiitlLc 4jj_cjJI (j\j I j iHJ! J>U- jj*l_u 4HLl<u£J I _}|j-I.I CjIjJ ^-j lo 1 

4-LlUJI Lj^L>JI ^1 J ts*T) (jr^ ^ lj~$_>J I ^ jJI cj I jiT L^jjI <-lU 3 ^ s 

^JLJI 4_c. 1 lo" i_u ! ^j£J fd L$J ^Jl3j <<i>JI 

4-jj-3eJ,l 4 jjjLl!I -ilj-tlj 4_j_t_u_<i_tIuJ I Lj^L>JI i a jIojj ^jLSJal £j£. CjJLstlb £)| 


CjLjj LLjj \ 1 j 4_t 

UJ 


i_Ja]| HsLkJI JuJ JJ JL^3 (j-AJ>-Jj Ji_l^J I jLJ 

i __ =T Hi I SjljIjJI 4_j_>» jJ jj£Jijl cjLujJI lL\ 13 VjJ j j jll^J I 


(j 1 LJJ <J-& . 3_i JL?tjJ,lj 3juJL>JI 42UHI jJI 2t_<s jjLLJI Lij*. jJ j_£J 

I 4 J (_yjJlj La Jut l-£i j (jy H!j_< 3 U>JLl 3j.j» <,oH 3j_^jvVl l£Uj <_uJ 

C_J 1 j IS~\ ! I (jJjJ-HI <jJ jJ i_aJ 4 jLuI JuHj Lal£Ja JUjiUKJ *^J <_aJ 

4jj Ju-lU SCjIjI-J (_ailj (j_3 i_u_!lj CjIjuLLHI La^lavj <J^L>* 

c_alj cljl j ^VLaVl ^j-c LoLsu 4_jJL>. 4 j_3j 4_j JlC. ^Lpa c_jj. lij ^_*-a J) I 

^c. IJLcj S^LJI 4 j tf Ul 4 jjjL<JI cjL^t jjjJJ ^|ju^3 i_ul VjJ Ljj-p£LJI^ 

4 lo 1 < 1 1 3 Jl^-uj V 1 CjI AlieJ. 4aS L^ JI ^3~<3 ljjJ I {jjs 4_l£^j>JI ^LjJLI 4 j 3 n 

S4^1UI jl^i .1 


^Ll^OjG 3 JLu 

^ lie. 4 j^-l^> \c. ^y-ua^gJJ 1 ^_3 j^_L> 4J <_u j t-u-<^%. 

Richard Feynman ^U-L^ jjl x13jj j. # AJI Ct SLj > aV| 

There’s plenty of room at the 5^1 HI ^ j_o£ ^ , ,r<<> <HLia » 

LaLHI I 4 _i 3 tjjliijl 4 jjwl^ 2 -L>J, LjI ^_Lc. 4 -sfcj-uaJI ^ji_A cl* jL^ .« bottom 

3_}jLi 4JLJ «:! i_u_fl ^Ly_uiiJ 4_i_^j^aV I 4_m_^->J I 4lLcl^ 1 ^ 3 

^Lj^jHI »L^-lc. (^ya 4-t ^ ^ jj) i^i~v- l (10) 1959 ^ 

4J Ha L3I I 4_jJ 1 3“ -v. V I l£L1j jj) ->J 1 i^-%. I jj ! ^jj JJ I 

3j_jL>- 1 ^ \ c. (jjJI ^Jl 1 £JjL£J_o ^jic. 4-Lu^Vl 4 _lC.I Jlj^I 4 ILa-C.1 

. 1965 ^L*J ^Ljj-lHI 
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LjSLj Ijj ts~T) ^ Lf. I 4 jj-uoLsc_4 jLa-Li-3 3 1 -L9j 

Jjj-L ^j-C. till 3 j i l^U-^u ^_jJoju j 3_iLa (^ I I y>* j-l.lx3 4jjI£LjI ^j-C. ^y-t-g 

I JJ>J I t-dJj ^j J ~>J 1 4_*_4 ^^yjLu (^ jJI (JSLloJL l^J Ij3 (—lOJjJ 3_}Lc.I 

j i \ g~t K j & 3_iLc.l (J-j-s 4_Lu-^> V ' L$3U ljj LaLu 4 3 1" 1. 1 j 3j -uCJ.1 

Structure 4 _j_Lj ^_j cLjj 3 ^^pJI 3j. iHiLX I 4 j9^L*JI Ijla 4jL$jI ^j».jI 

VlLa j^bCu 4-jjLu^-t^ ^y=> I jj>. I jL*J I ^ ji_& o-jl^ s. 1 j < a l ly^\ y >- j 3^ Li,! 

i l xlaj j .4 _j3L^JIj jjlll lP- 4 4_uL (J^sIjj>- j! t^^ L -g- i ^LlI Jol tfuJJL 


\-4jbyxc . j 4 _jjjJU j 4jVL^J! ^JLa 3_}La ^V 4-tSLu LLX 1 j^>J I jL^ 

1 ^3^ imii Lk_}jic.j L^jIj 3 .ij^j 3 jLJJ 4-lLv I jJ I 4_j_L»JI (_ r ic. <-dJIx^ 

.Crystal Lattice 4 jjjLJI 

^1 CjjLiol 3 j_lL« cjIJjlu j-o 3 j_l^L>JJ cillj 4 _j cioj-3jI La_4 ^.3-jJ I ^L.j 

j> 

CjI jjXJI j_a 4-Lt-t-u ^^yJj l-£>\ i^i") 3juJl>. 4_j_>. j] j_t^j 3jjitJ jL_ujV1 j-jj*- 3" <-Jjj9 

Jl 

l j. L~ < 1 1 1 4-Ll>. £ jL JjL^_Ll£ 4_jJI jLil La jib * 4 _lc 1 


^Jsl jil ( jr ic. j. L ( 1 1 c_<jL>JI 4_l 3 ^ j 3 jj ^yQ-lc. (JL>- J)jj?e_d 4 jLj 4j*.1_^_l 4 (_3_aaj 

~ _ . ** ^ /■y'j 

CjIjJ clL^o l yc 4_jJ] I J^nl La till Jul $:LLL*-II JuTu-ul . ^.L-aJI 

Jlsu i Jl>wI ^Jl yuz J-jLJI (jj4 La l_Aj i L 4 ] ^jl jLI ^Jg.1 />iT3 I 

4_*JL 3LVl jl 4 J_i _<_u I jj t yLi3e_i_ _^a Ij^a! 

Manipulation l ^ oljjJI lLL3iJI L^iL l^Ijj ^U~ < ^1 

^1 jJ, Cj!j 3 ^a L^J5C_4j ^J £_us! J_4 !^1\ 4-lL^VI 1 £* ls~>\ J_4 ^j-0 

4_jJLl (jy>\ j->J I Bj-pd^a jLu VI 4 jjjL ^1 j^a ^ys 4jjj1j CjLX L ^jj>~'\ 

ulUj 4jj_l1j L t_<aJ 4 j I jjj ^-1 4 mi 3\ (jLa-Lj^ jj_cu_l3j)jjJI I ^c.jlj . ^LVI 
L^->-dJ I (jj I j ^ j L>»J I (jj_3J I 3 j< » *?r t? < I ^ ^ l_u ^ ^ (j) IL I >_x^ 

t-.3l; 1974 ^L*J! ^ Norio Taniguchi u /injjtLL jjjy ^-ILJI 
^JjVl liUju ^-jUJ Nanotechnology j^LJI Lj>.j]j_^3 

. ^>a VI ^Jl3j 4j ^j_uL3j jLm_^£j ^j£>^L*Jlj J)L>J I jjj_3l] 

3j-u^ 4_1L_uI Lfc^ljj 3 j_l^L>J,I (JJUj dJ dh 4_^3 

jj (_u_l^jj_lJI jjj J-33 ^^yJI Ij-Lj i_lU3j ( L-lL. 1 a 3\ c-<_uj>j-b 4 j 3 L < a j 

j Lu Lj_uij I j U, LlI I ^j£L<aj Jl£ j . 4j3 j_4j_I I 4-ua-LJ I 4 jj LLa j j La-Lt^ 
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- 1 1 ^Ull 

t «Gerd Binning j_ilu 4 L_ajj Heinrich Rohrer» 

IBM 4£j, tiuj (jjGjL*Jlj 1986 *J1 <J jjj (jj L c. 

I (_^J 1 1 (j_<3 1981 j* L*J 1 (_yi3 4 -> 4_}^J^_« V i 

3jUI Cj Ij jJ ^lse-J I ^-<-u-U 3 Jl^TulU CjLj^ (_uj)^S_JLl jya J^- 

t Scanning Tunneling Microscopy ci^LJl Cr 2iiJI j_aj 

3jsLJJ 4 _j J iL>-VI CjIj jJI j tliLJU ^J_xal_atHJ i ^yCt 4_i L£Lc-J C-t-cv 

j *. ~ ^ 

LgJ J)jj «J jVlj 4 3 _l3_} 3j-jJ (4_p jllJI 1 A_iLjul 

4_JL_u 4-jj jjlSJl CjLl^-cu (3j.‘ fjj* t*>3 «_u3 c_J jSL^j^£LJ.l ljuk 

Jl 

jl^JJ 4-LulU 4_ijwjL>JI ^ to 1 nVl ^ lc. 3_5 jj>.jJL1 U^ljjJI j U - j u l lJ 

Jl 

Jl*_j (J_$_*J! j-i2aj *(5 — 1 Ul) L^jIjJ c_<_jj^j j l Ju Ju>d j 

, (11) 1986 ^Ull^oUi 

jJlj-ss ^_l3 T jJa j -uSLII ^y-g-LaJI jL>oVI 11 & (jl (l_L& (Jj_3J1 to" i_ulj 

jn^SLjiTdl (j-« 4jJl311c 43jjJ1j 4^r i-ro C-<-U I C-t-uv jL^-Lt^ jj_cu_i3j^_lI I 

jj co-l£ j^-iJ ' (jSL^J (jl Juu 4 _l£dL>. t jJLi 3jJljJ1 4 j L ula 1 1 ^ 3 

Jjf j. iii (jjj ^ 12 - 1981 ^UJI ^ «Eric Drexler jJ ^SLjjji cdjl» 

J *_i 3-1 III I Lx>- jJ C jL 3 j 1 Lai j (jjjuj 

. 4 JL- 0 1 ^Lc Cj I J_L<_u £_jj I u I (J-UD 1 ^1« J 

jt 

j-4-c- j>c.l988 aL*J 1 u — a ct^_P i jLalj^ (jj — j (j? jj! c.u£ ^ — £j 

(jj^B L^J (_^3il l-^- _3-> (j-« 3j_ull 4 j^j5c 1II t LaLc. (jA_*_j <_uJl j_Al_a 

3jjj>*jJU 4 3 j^i jJ 1 3j_jV 1 lj)3h>j lr^>* 1989 ^L»JI (^5 IBM[ 4£j Jli 

(J-ol_>Jl « (jj-ajJ 1 » ^ <^i <r. Cliljl dsl_3llV (_ul_I,l 3 3 1 1 1 l-uJj^_l11_j 

JjLj Io < .1 ^Ic. ^Jj 3 Jl^-Ij m3jj 3jLc.V 4_u5>LH3 4^Jlj L^£Ljj_>oj 

L$-o! 1_j^3SL« 4£j iJl jl_» ti l_*_4 (J^ (ill ((JSLuJI jJL^ (j_« 

( JT lII (3juljJI 4jjj?elll oSJt ^-L>o (J-*Jj .5(6 — 1 (JS! iJlj 4 jjjLj LfcjLjufj 

Jl3j (j-o 4_1 Lj 1 <, c. (jLal_j^ J ^iu_l£ J)^- 1L1 ^ 1 <tf. jl jlc.1 4Jj_U_s Cj^L>. 

*Jlx!I j jjllll Lp> jJ ^ (^1 ^JLjlII (J^>-jlI <__j 1 Jl dxj^ l b 

3«. J_U lILI JlJ (j 3 ^rTi Ij ( Cj 1 j3us jj 11 4 * laJ L^LscjvI jjL?du V diljjlj 3j_^>- 1 

. 43jj_I1j Lu j (j L<^1 l£ 
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$4_Lj JL»- Lav . j 3 jj £3 : jjLJI LovjJjJLSLj 

<_y^ 4 _j^jLlII jl^JLl ^ I jl^L-u I L) 1 ^JLc. La 13! ^j^SLlt ^jLSJI ^yu^tjua jja 

JLt* 4_L^Ly 4(j-L< LJjJ I tJyjZ CjLLo SjLC. ^1 £JV^J Cj 1 3 J 1 L>~ 1 1 (^21 *_J 

^ u_u LLa <j I 1 L_i dl 3 j 4 4_u L u a- t ^J 1 Cj 1 1 *• j j» j ts~\ -»o 


4 -LLl^-i£L 1 ' cj! 4 _j^SLU Molecules cj! jjjoyJI jl *al^ 

O 6 '"" 1 eia 1 j i's> L I j * L^_l3J 1 Lc. La 5 ^_j l_Ll 1 ^ ^3 i_u_« ^£ 

4 JL_u ja Ly Ujtil 4 _^j L ja ^ *jay ^ Albert Einstein ^LiAJjT cj j_Jf 

CjLajay (jLj3j jl ifulal 4_uid ^Lc. 4a La (j__o ‘-r'J-^ La Juoa 4 ?ljj j^jJl 

ji L <-ai 1 -4JV- 1^ Llj I <_J 1 i-u JV . C/J-y i £ LI, 1 (_yj3 (_oJ 1 

^-CjJ! ( _ T ic. o_31 JaTi^Vl 1 JuS> . Jay I^Jl ^ILcjjLJI Jotlu V 4a I J :y 

^ ^_lI 1 1 ^ <*<m * ) (_ j 7 3J 1 4_jJ L>J 1 LaJay^a ^£1 43 1 3 Ja>~ ^3 I^-jILq JLju 4 43_aa_& I 
<_3jjLii! ^-3 lLUj£j 4 3jLaJLI 4 jj£LU Cj LujovJ I jLljI ^lC. o_3^_*3_I! ^_j Cov 
Cj La_o_ 4 i_>J 1^ pSLJIj Cj L_4j j j . jail j 4 _jjL_l!1j 4_u I ^_ j_>Jl L^L>J I ^JLc. 


CjL^ 3 <_4i _4 ^^1 ^ao?ea>J I L^jjJu ^ J^a LaLja L£j j| j 4 4 3j 4 jJl 

j? 

t _^aaju 3 jLj 4 LL2jj?s 4J Ca a J I ^ J I! 3J 1 j .j ILcjjL 100 

Laoj 4 ^ L> 1 djJl BLtTalU 44_ajjj^l ^jljJLJL Sjjay^JU ^^aL^LIl 

j > 

Sj^jy^ll Stained Glass Window jlaLI j,jSL 

jl Li 4 Lj joyJ 1 c_<-A JJ1 j Ls ^j_^a 4 j^_jL CjLi_j_ay 4_i^ ^Jjy 1 JlIj ^ J II j 4 L$j 

4-lllv (_J ^-L> a_3^Loy 1 4 1 £&j-3uc> L^£j . ^oi_a l_3_I» 1 4 3-La^a 

jl Cx3 tiaJ! 3 ^_aLLJ l^jLLa L jJ L> *j l__< AjJl Cj L_j_ay ^j— 4 

^ a ^ u m n ^jJl 43 jUI C 4 J Light Scattering ^j-UaJl jo ^uSLJl 

^jJoj LI Sja^LLaJl L^jI y I lid . 4 -lIc. Lil^a (^JlII 3^LU c__4 i_4i£^ 

1_3^j j. <^y Vl j ^>-<ajy Vl ^^yJ] ^^1 ^jyjVl ^_yJl ^JL^j^oJI ^_yJl j. a I ^j-o 

* L^jLi_j_ay jl Li 4? 

ljui 4 jL>-V1 ^c-^1 ^ 3^ JaJoyJI l- <a -2 !j£Lfc^ aVl 13]^ 

{_ya> 1 t _ylc. j 4 1 Li (j j_3j 1 4 - 4 J 1 * LaJL*J 1 4a ^ Ls La I 1 J <-oi 1 

dsLujl 4_Iaay^La jl 4 Ll*_3 djafcLLaJ (jL^ 4 4_l^-L»J 1 ^ ^jLc.lja] 
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4_<_ulj Jl_j ito ^ jr oIi£Li V LuLa Lai La^-La jl 

JsL^ejl J t I 4 ] 4 1~ 7r 1 1 ^y=> I j >J! S^LaJ-I 4^1 Cj Li_Lij>J \ j *-U2> ^_u Lj 

LlLLLiI Jl2J u a°\ I J*L3j^I I jl^J 4_j_aJ-*-II cj I^j^_lLJI^ cj I^_j 1 <1 II 

jl j_a I j-Lul ^ 1 c. 3jJl 2JI (jy-Aj 1 4 a ^ a j 4JL>-j-a ^ II ^Jjl^JLj 

I Ju5> • 4 j ^ j 1 to" 1 1 CjVL?cJ,I ^2* 1 ^rtjlo 3 J <<Cu 4_a Ji^ILa 4 j^jLj I j 

4 lo^^TU Ijj) at t <1 (jjjJI JjIjVI LtjLaic ^1 4l i>>~4 (j_uL <_u^l 

. CJ 1 J tip" I I J 



> 4_Ll»JI U , ,. 3 jiLo 
jalill c-j j>5v,x.»jj^-J.I 


1 4_Ll*JI ■ „ 3jLa 

^uU.1 j^^aalll c-j I 


7i 2 l I T I t_j ^SL luji^SLcX I L^j j ijjJ. I 4 _ljj^ 1LSLJ V I 3^_s V I ^ p > -<j : ( 5 1 j JuJ I 

ajiAj .4_aJLL>iXI ^1 ^ „aU Lj|j4_JI (JL£ luI l ^"tt->.„<<il^j ^-L>o STM tuU! 

L^jLSLui cLIj ^a5L>iILJIj 4_aJLL>J.I ^I^XI CjIj 3 p-L>ilL^uj 

^ I^L15L^ 3 .a Let -Lxj ajjUot.1 L3aj 
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V\m ^ If. I j ■ t t_j!j_u Lj^HSLa IBM '‘^j-Lii j Lji_*jj :(6 — 1 ) 

(14) . . .. 

. I ^j_4 <LjJ_L£ 4_>o^-tu 


K£X\ c_j Lj_j_i_>J I jLjuIj <<-V* i4_JI ^>-£4 (jl jl 

^jA-<-u-^tI(J ^J-i-Lt-u^ 4-Lu-uj (3^ 4 ^ ^ ^ «-^-». 4 _j !-£■ ( Li3 ki-A ^.u-ii 3 _} La ^ I 4-u-J 

J> 

^ jJ c__< ouSJLl ^^LII jjjQJ! c 3 jlo jj ^j_a Li^ SjLaJLl 4 3 1" 7f U J »JI 

l_$£jJL_u a j^j 1 L^jLlj_cv j.* is-> ^iaLftlu jJlj t 4 j^jI_(J I ^1 jJJ ciLlj 

4 j « <ijIo l_m Ij 4-u^, 1 1 j 4 jj. is~t i ] I 1 ^ ts~> I L$J l 3 ts~> (j\ i_u_>ij MLc. j 

. J-LCU-<a jf.J ^_U»Tl> 3 JSLjuJ V I I ^_>J I £__J_4->»^ 



32 


2 


a_uUI :SjUI 
iUjLujVI 

M ^ V 


e_)LiSLI! I Jufc <j I ^yA I (jr lc. 

j> 

4_*_)Ll^_3 ^l^J.1 C 3 3~l U (^jLSJI £-4 L-.CJ-U Luj 
Cj Ljjn. jJ jI^TlI 1 LuB 3j_p*^M CjL*-j <^H 

4_*B III 1 j Oj juX 1 1 4 o JlUX I 

4 14 ] 4 3jBJlII Jj i.^1 3" II >.jJI 

^jUii ^jbI I JL^UI jb 4 — 3 Lb 

L^Lc. LiB^-ju i_u I t__iLlt£LJ I I JlA 4jI Jls ^ B 

(^jLlUj ( j_ 4J uoVl 4-3LJJ, LJJ 4_JL>»1j_4J 

4^_jI_LH ^JLc, 1 ^-lic. { J } -Li luG 4_L^Jl*J I 

Lo IjJ I jJ . 4Tt-c>» jJ 1 ^jlc. d«_o L b j 
(^ jl — HI ^jI-lLc. 1 — Bl ^ lc. 

I J — XJ £_B^jJ 1 CJJ (_£J II 

3j_tiLi_43 ^b l-jIg^LII 1 j_a ^j_43 

Lx>. jJ jlSJlI 4 -l.L^jlII Cj 1 3 j i Lai I \ Jii-pe-o ^^B 

o! <X>' — iXkj-* 1 S B — « ->ill!l 

^B ^ < ( 14 ? 3 4_jJ! Li, Cj 5tl>- JB 


bLG j cjIj^HI 4>j a 

jl 4 L^dI^ILU CjI ^LseJJl 

l jljJJ CjUj-lLlj tj^C. t~u.ali.aj 

J4 — “j O' WiK- 0— ^ 

^-ila.i 1 _u>iJ 1 ajLil 

JjluIuj (^)l 4 a < n^LaJ I 

i JrtU»- LiJ I J *l_H*JI y SBj 

fJL*JI J — l<u B — J3j 

« LjjJ ~> iX t ^jLLI 
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3jLU 4_j_aUs ^La. d^al^-ib <-uL c_jL5L!I o - 4 ^.^>J1 I j_a 3 -L i_ul 0 ! 

^yQ JuJudl ^LILj! ^1 jjl >JI Lb Cjjj) L aJ t 3 i^cjjLlil ^-lC. I $-« 3 

Traditional 4 jjl-lU:lH *1 3 -^ Engineering Materials ^ ^jb^JI JI 3 JU 

ju jl_>L ^£1 L^jljb 4 -ul.Ij U, ( jy2>y3Ljl I 3 Advanced 4 _« jl^uXI 3 i L^_ba 

. 0 £ LI I d) U-L^J 

OLL 3 ! O^-^VI l-s-la! ^^-bl Ji£jl (jl 

“d <_T^ iPd^ Jd ‘tidi — “2]' £j-> 

jJic 1 ji^JLl 4 -C.Ll ^ 3 ^Lul (_yb 4_3 (-olbJIj ^_ ;r JtJjLlII 33 Lb 1 1 ^b>l^-su i_u I 

0l -L9 U_9^ cr-^ 4 - 1 ^ .jjLlJI 3 i^>f. — 5 EJ>JI 3 

3 J JubJLl £"J 3-1 Vl da La I jbtlb_u I 3 3 - 0 1 3 ^. 4 L < <m a 4 jrtlL dLju OV £_bbl 

4 ^ j L * 1 I 3 J III I Lj>» 3 J 3 _t£L 7 \yj^ g Lb 3 LstJ>- I 3 da La L^ JL*J ^bJ I 4 J I 3 JI I O - 41 

^JLc. <— 0-^ 3j-ub-tl 4 J i_oL<_uJI 4 ?jla ^l^>^ (jLj ^jL^-i! o- 4 ^jJ! lr. 

4_a d! JlC. I La <J ^3 . 0 >->* La j i 3 jj da La 3 -L-l I dLta jJ 3 b I 3 IU 4_3j_*_I, I 

a jEtil 4 >L_a 3 J! ^j?c_u VIj 0 -LA Lb-Lvj 3 b QjL ) VI ^_jj^JI O 3 L 42 JI I 

4 _sb_<a _4 01 (J-^i — e ^- 3L ^J- LJJ LllLvj 03^ L ~^ > 3~ LJJ L ^ 5 ‘4_2Li*_*JI 4-u-u L-u V I 

— Oy-CtC 1 ^jJI <-jL^JI O-^ 3 (J^Vl Ib-A j) ts^t ^ J>L>. 0- 4 — 3jLtb_4j 

dljb 4_<abL3J I 4ILl>. j-tSu j jjLJJI ^Jlc. ^LbL-a — ^-j-ubJ I ^ I j,L>. oi 

* 3jUI 


^_i - bbt3 I 4_b Ljj.j3l I O'' » I J-bJ I 4 _j_A L a 0-^- Lbk <_J 1 i_aJ 0 1 Lt! 

J> 

jlc. 1 ^ lb 3 £ I jd I dLL 4 £^j%. ^_bj S L^jj j dLL_ajj 4 _j^_j Li I j I jJ, I L^J 

I 4 J I fl 4 o^ j-L^-bJ I L*J I L^it i_uj ^bJ I 3 £ U !1 4_iSLi_<-u^t£L! I 4^J I 

dLM_j ^^^u^La 1 ^ < << 1 <iT ^1 4ibju>JI 4_b Lj j. j 4 ? 1 1 ^-utiLa-I.I clils jb 

Iblj ^Lcjj J-Ac. 4j^Lb 0^J> LujlJ I Oj-^ll O - 4 L^jVI 4_< i_al I L^Ibl 

^_yJI CjjI (jrbil 4ibJu>J! I jQj^tl O’'- 1 1 3-3-1 j 4 jj-iLJI 3 XI O )l^ 

i 1 L_4_u V I 4 _j_a Lc J 3 _>. 33-31 LLa 1 3 (_aJ Lb 4 q^-iSLI I «: Lj.j4? 1 1 3333 L> 3 1 


01 ^yJt-u-LaJI O^ ^ 4_bL 0-^- 3J3JI 4? -LA ^_yj| do! (jrbJI 4 jj_A3j>JI 


^3! ^jJI 4 V L^JI I -LA 3 £.!jJa ^_yb Lbj-j — 1 
0^>* 0-° Aj I da -L>» 33 4 1 3JlI 4_l_i Lb 3 _lc. 0^ 


>a dJ^ 3 Lt-u-iJ I 4? —LA (3-03— l*_j 
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ULJ2Y o ^mJIY :»aLU 

1 ^ jlf. C-t-LLj 4_u Lj J j 3 1 1 ^j_u (_uVl 4_uaJ_>. i 3 3 j ££jl_3JI 

^yC 4 U-UJ ' 4_JI e_-4_&b 1-4 4_J-X_J (j'' J £_t3al (jlj 4 J-iLUl LjJ>- J-l J_tS33 ‘='-‘2 (-u-lb 

. e_b^l!L>.|j JU3I 


3jUi 

^ I JiitlLau I ^j_4 '( ) V Cap. 4 Lo l_JJ>- ^b Ll-aa-lJjJ 1 4 ^ *3 I JJ.S -i I J-l 1 Jj3 

^j_4 dJb ^^yb ^ 1 3 Ti 4 4 4_U3 jJI 1 ZjLjJV Cjl 1^ ->J ^j_4 4 Is ->J J£^ ^^yb _}1 J 1 1 

CaliLa (j! LlLait-4 <jj^I V ^1 JiitU-aul £^aj 3-}l_4 

■jL-UJ (_aJ^I 4_b Laj ^1^3] ^b Ij-uG JjjJI 4_(J>- \-UZi ^A, jl J_U ^j I 

L^_4 Jl 33] Lbbj J j jJI ^_aj-33j c ^ j ( ( ^aj (jl Lu^_c. ^JLb I jj . 43jLlGj_>. 

4 4 4 ? \"t ->■ 1 1 4_l^- jJ j-tSbJ 1 j 4 jC. Lu^aJ I Cj 1 3 j ilalt J Lj 1 jl 1 ^ I jJ^u-u 1 j ^Llu ! 

^J-4 (j.Oj3 (t I ^lC-J . C_JL^JI CAjL< (_aj 4jjJLaJI jl J_ll ^^JLcj 

4.C. jJlJL I ( - A I Cj L^3J_4 ^j_4 \ JlJV. | jj | Aj- 3 t 1 (jjJL^It auJ I 4 j_4 LlI I 

Jj jJI j 4_4 Jl33_U Jj jJI ^^yb 4 ?jj lo i ^jlb 4 LjjJ au cj!_4|j_c. jl_^ 1 0 ^j_4 Jjsj 

* LjJ-U-u 1_4 1 j_c. j_L£ 750 jit£7 c. ’1 1 < mj 4jj!l!I 

^ ji ^ jl3h!Ij 4_j I 4-j^TJI <__< (-a-~>> I j 

CjL?e3_Lflj CjL>-jj5e_fl 4 (_uVl (_La_4-<il I -L^J (_La_uj3 V 4_J j J ^ I 

^^311 ^ Jl3j (_£ Ja4_> r Ul! ^ 4 U nj3 Jj 4 jl J — U 

.djbtllll ell 13 j cli 1 (g" lolII 4_3jj L^jI b 4J j jJI J 2^1j CjL?cI 111I <-il 13 

Cj l_4 j£L^w 3 j 1_^_4 Jl 4 ^ lr. ^ j_3j Jj 4 ^l j_b ^4 ^3 L3j V £_ JaJ Ls I j A j 

i_La_JjJl CjI auLt-au J_j_*_33j 3jS3Li_4 4_jitJfc_J 4 1^> 1^> 1. 4^LjJ>.J ^b JjjJl 

^J_4 4Jj jJ I L 43 J C-< ;pt_} 4_LC.L_L(aaJI Cj Lc. 1 V-\ 3 1 1 j ^ 4 1 » 1 1 Ca^t_(JI £j\ j 

jj?c_j j3 J L^GLljV 4_jjI£31jV1j 4_t^.ljiJ^/l Cjlbl^aVI <■ 3jIo jj 

Jj_33j j_4_4-J J-4-»3 3 jj 1o"i 4 4_j ljjJu-A Cj 1 j 1 4 f . J 43u Jljv. 4CjLjj>- jJ j_tS33 

. 4_j^L L auaJ I L^3L5t3_(_4 

l ^bja*_4 ^^1 (jl < <1 1^11 4 JJI 4_l_Aj jJI 33 II J)Lb J^j 

JjJlajj 1 ^3r.Lu-ga 3^1 c.]j 3 J 1 L 4 II 4_jJ_>- I jJ I 4_i_LiJ I 4 < 4j^lt J >~J^u 

jl 1 ^ j tl J uz> LlC. ^yc Cjljb 4^L<3al Jjj_La C. l_Aj_t-£D L lC. 4 
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. 4-u-o L-oV I 3 jU! (JU.U 4 1 /^> CLo jjSa ^joU jl j-c cj Ij3 »1 ^ 4 ] 

4_jJijj ^jJI jJjJI 1 ^ Ja 4 111 Cll3 JuLo ^jl (_uJ^I CJjjI jJlS ljj 

(jLat jUealj l^-uol jU p J »~j 3ji XI CjI 3 <j\ (_tu>o ^JUjuJI I JJt 

^ ^ jl jJ»l ^JLc. ^_j j i_uJ I jj L~>" 1 1 jLa jJ^j . 3j^3_l^j 3jajp 4 j 3 j ila3 

c^* (_aj| oljJLl ^ 3jujp jla u II Materials Science 

tjr lc. ^L-uJ^I jj ^ lo 4 jI J_p ^^jVI 4 la-still iLoa LpL3_pU3 4_*_3 j CjJjLuj 

jj?s_i 4_jj ifu_JI CoUj ^ylll I 3j-UL3J! 4Jj_LcJ Cx LmU 

4aJaa LaJ uj l_£_JJ L3j Cl (jy3JI ^_£j-pJI 4 _lC. LLl^J I L^jIjjj Jp_3_>a 

.c_jL£JI Ijufc 

^jjj ifu_*JI (J^L>. LjjLi jaVl j l^r.I CjI jjlll dJbJ jU J 3_Jj 

Lp jJ jJ^LJ I )) L<a_A (jCLjJ LcLc £j\ jjjj jjjr 33 ^£1 ^_j?e_a 3j-p ^ I 4 J i_u 

J-J^Lj j_u_J J t |j_p|j . (( Cj V LuCj V I J CjI A jJjlX I l_p jJ jj£a» fU «4jJ_pJI 

3jj 3» ^pkj ^j-C-JI joj LJI 3 jj 3 ^ fc’tf.y ^>jj j- 33 jl i_ujVI ^jJ-c-I 

4_U ^jlgJLJ J I I jjJij I I Jl^J L^_3 LJJ I Cj J Lc. I (jy3-l 1 « J J l— iJ I I p. jJ j_&3 

j 

CjU*Ue_J| cili3 j CjI jjlll 0 Ju£> jVj . ((j_iLJI I .pjJ j_t£a jjJLj» t j 3l4 

3 4 Lt I t _J_*_iHi3 j 1 Luj_c. ^LLb oljll CjI 3j 1 la3 <Ct 33.33 jc 4_U^ I j3_t I 

g.U-L*JI j^Uj J 3.C. Cj 3 jl J-j-s 4_3 uu^LaJI j-j£Li3 jj^VI j_pJI 

. La jJ j-<_uj>JL I (jpU! ^JL*JI L 4 J jSLI cU3j 4(jOj>-LiJI j 

Cl_l\ t4_3j C_lII 3jLl3j_>iJ I ^La (jr £ <JjVl mijjJI Jjjdl 3 jUI j *3j 

j^Ls j! Jlja 4_j_aja5t3J Ij 4 -LOt-JI «;LLL*-JI ^-olj-J ^e_UsVl 4 j>.I i_uJJ 

4jjjL<JI jl jII ^Jiit3_<_ul j I jjjt ts~t !lj jlrejvVl Ju^3 <_u! (J7 £ jl i_u_iV! 

. ^jjj-ii > jlI I j j UJ I jj-3J I 3j 1 

^^^j 3j Laa ->J I 3jLU 4 _p_aI i^Ja ijlo ^jj (_u U_4 LJ (j^-p 

l^-uol j-^>- 4 ^j-*_«j 1^3/ ^j £jA Ju V I JLA (Jpl O -4 ^ * l ^3 j ^_aVl ^Jl23 

CjI 3j ilolJI ^ 3 LpUjitjs j « ^_a3_a jl ^_j_U 3 i_aj ^ 3 j>- 4 jlj .ua^lJI 

CaLjj J-bc-<3 j_j 1 n 33 £_Cdj j^j JLlS t j_ 4 V I 4 3j 3'v ^ Sj . 4 3JCatJ. I 

4JLjj_Lj 4lULaJ 3j J » CjU i_u_>- 4 -lIc. ^ j3j>o Uj 3 jLtl 4 _j_aU 

4JUj_a g. U-lc. l_3 !lL>- I Cx-p 1 4_pL*J I j 4 jj^UJ I j 4_ua <_ul3J I IjJ, I 
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3^LaU cJlJj_3k J L^J 4_}JLi] I J 4_3j 1 i_oJl ^JjvI^J.1 C. 

Lj^J ] I J) 3 1" ~V- |j 4 1 g *.Q I J L^ i_aJ 3_i Ji 4 ILjIj Cj I^.J < (I i2J £C_J i_u^3j 

i 4_ujwA j. j f . Cj La-j <_u_>- ^j_A SjLU 4-lIc. ^ 3^>'- 3 La <— (jy ^ 

. 1 ^ 3jiUI cjL^-t-u juju>o cj L a-L<-aj>J I 


3^Ul v ^ ljLSLu^^I^ 

CjLjj_laJ 4J C-UU3J-X J (__£ jJI ^ A*N ^"( 1 1 Jl 3_L11 cdJ j ^j_A ^A-C.^-11 i^jy lc. 

£c_jjLj (jL^ ^jLcjJLs 4 H^^Lc.j ^£jLtl ^ 1L*JI l_3jj_*Iu 4_^dL>JI £p ^_u 

^_J_cuJ C 3j^ ^1 i_uJ>» V I l 3j^ (jl < n iVl <-J^_C. Jl_<_A ^aJ-*-II 

ju 1. 1^> 3" ^_1 I j La I _L& LLa^J ^ I ^ t ^-t-u LtU I A 1 *3*> Ci 1 1 I _Ld> ^J3 4_!^ 1 a < (i 1 1 

i 4_J^_U_U^L^J I aLj^-J-A-II ^LLc. (_U J_A ^JuJ.1 (jl i-ujVl LiUii i((^jJJ_lJ J}_5S uul )) 

4jI£Laj 1 j Lllc I ^ loc.Vl j Lj3 j 3 1 1 ^Jl_*J! juu c^-l-v 

C-J^l jj (^£_}L*J I (-u-LlH ^jU ->- 1 JljL$ t^^LLsVl ( _ jr ic. 

III j lm£j l lf£ (j-ul ^ £-u3 jj c_t^l jSLJIj 4jjLa <-u-II 

i^gj Jlj * L£_u L£_Ji, I ^LLc.j (J^slSLlIlj jJ-l^LaIlII ^aJLc ^j_u i_uJ_a j-&j Jill 

. 4_u3L>Jl (jjjLs Ll£j-C. 4 \ts^i£i 1 

^jLU (jl^ ^ 6 t-u-Ljj 1 aL^j-^^ <— > L-t^L-t i_u^ASLI Lib^j 

^ !j j — 'h j . ^LajJIj ^jlSLUj 3jl — U cj! — A i^ ^ j — 3 j 

j > 

J^_UO 4-Tt-LA 4^! i_uLa 3-AJ 4_J Lt-£3 3j_Ul^ ^1 (_ajvl L^jI 3jl 11 

— tlH 3^ — ^ 3~f.l ♦ 4 a h V 1 1 Vlj (J^ coVl ^j_A 

. 3jLa ^1 4_jJ 1 ( <i 3 n (jl ^-iLH 1 Jufc (jy£ J — *-^ 2 >~\ 

J. '* IS~\ 1 1 4_4_A LuJL 1 Cj La-J <-uJ>J 1 tjj-A 3j jJI Cj Lj^Hj^_A C_J LtiL 1 j 

4_*_x-^>j ^ jJ I C_AJj_JlHJ 1 1 Jl_A ^j_A Cj Lj jijl 1^ Cj LjjjTt-ui Ij CjLsjj J^- jJ 1 JIa 

. ^-lIlC. !^yj jLcuJl (JJ-3J1 

4-j_a J> 4-<-i_i^» 3jLll i—kjjsuij 4_^dL>J l 4lij^_La_3 ^ 1c. ^3^_u ^ i's > I Ju3j 

^LLslxj Ls^Lbl Jl-la-L L^it (_uj (_^3-l! 4 _u 2 <_aiiJl ^jLlU ^ II 4j5c_jL>^ 

^ I <-Jsj i m 1 j tr? 1 1 ci. I jlllj 1 j 3 11 a ^_i£^V 1 jJ_£ i_u VI 

O-o- t4_uLj^, i3ll ^^J_*Jlj Q^SLILj 4 3 1 •"< 1 1 4-a-lA LLa j «(jia uijf)) j-l$ jJI 
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360 ^Lc. ^ jJI i j f -A ^c.jJl — (^jLJ.1 liIIj c lA£ . — t!u 

1 4_4-s J^SJ I »Ljj. j^U ^u_&Li>3j 31 tij ^sy>* — J>Lil 

4-pc-u-uJ. I 4-<-u_i_t5iI 1 ^LjjjIj i— <- l^^-j dJUl^l I 3jLuu j I I 4 J ^33 

^jj 3 1 I jJ . LjjijjI (jy-3 4 j. i-lijJI JJ) » II 

03^ C ^ 1 A^ CjLuJ t ^ L^ILjJjlj 3jU,l tL ^ J_JU 

(^jUI Q^SLII 4_JjLj (jj j-<-ulj (jr^i I J-& Ju9j i j-i-iAJ 

. 0 jLj Ju !j 4il_ti 4-iLa-" 1 11 Ij 

4_<_uj jJ, I 3 Jl^_C. I « 4^U! » £jj > ^_u 4 3 1 jA$ CjJLui t J) l^> ill I Jd> jLLal (jr^J 

43_sLj ^_j_aLL< 3 3jlc. (_ r ic. 1 ^ CUsz-l . uj ij 4ibjL>JI 4^ (_u^l£L!l 

4-j| Jlj t 2)- 4 3"^ Cy* O^J-^ 1 3 ^ 3^ 4jVL>-Ji^ ^JLslII jJ-AI 4 _t 2 jLLs 1 3 ("1 c. I 

!jy 3jl_U 4 3j 7i~>- <^-\_i ^ JlC. L^_j dj-3-II 

^ j LuaJI IJllII ^jy-lj t L_tU ljj I ciJUij t4_j ^jl^il ^jl a^Jlj 4 ^ 

4-C.Lu.^ CjjLv j Jljj ^ < 33 V L^jLjj 4 3jUI 4 jJjLj 

i-Ls l_3_Ll I j-J (j I !o" < .1 <4 4 4_uit-u-LaJ I ^ 4-ua-L*-! I 4_<_u j jJ, I dilj ^ Ll>3 

: 4_jJll]| oMii! 

J 

Cjli — 3j jJI- CjLc-j i_ujv <dUJ 3jLU ^j_ul l_U I cr^ f • 

. 4^LL>j 4Jb^ 

c£Ujl ^3 <u^\ tg. j) x^ail ^y^ 3jL« ^1 4^LLs 3 i^Hj ® 

.3^1X1 3j jl H 4_u_a_Jo l_Li_« j ! cjU-jI! 

3 Jl-ulj L^-j] Clt-irv. 4^j^SLII 4 j » j 1 lo 1 1 ^-A>! j) tl 4 <i4 l_Ll, ^ ® 

i~t ^xgaJI ^3-1 j (^iil ciowLJI Ji^Ju JL^_4 ^j-C. Jul_JI 

4jjI^-<u< 3Jl£j_« I ^13 L^ji r< r. L t_£j 4 L^_«LaI 

jl I^LjQ] 4 — j *\c. CjIjI — (^? ^ — II £-1 — IL>t3Vj jl_j — ^JlII j 

La_L^ ci<^>>LJ I dt^jJ 4 _jlj uu^jG I d-A 3^ tl-4jjxaij 

. 4_Lo JljLc. V 

L^jj uj'\j cjLj-laj c-<-<^i>- (_3iil ^^1 ±1\ 4_3 < .■! 4 ojjt> c-ul^ 

dUj ^j.43 (jy^£-3 ♦ (Jjjl-3 jl J — j J uu i^'\ J_l3j ^ 4j jV ^ ^jl i <>>4 J — i-l^ 

^^y^ 3jJutIu3j 3^_ia£^ CjL>-L>o dll JlJujv j_L> V lj ^jLlLI dlij 3 3 -v. Jl2_4 1 4 1 ^ 
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4*>jUJ1 4_ua_L*J I _}j^j>J! ^L>o Jlju 4_u^l_>. t 4_ua_L*J I CjMI atXI c ci 1" 

^Kelvin Faraday Ji* Mj^VI P_Jl*J! ol I j <1^ L$j ^LJa 

cjVL?c-c 4 j^JjljV! ^pLaL^J! I lxi! ^jjJ! iHerschel p ujj-l& 

i^j\ 3 art-A i 4j j ^_u J) t*> j (J^c. (j-4 LLL 2 J !j 1 1 jj_pJ Ij $. 1 j_<upJ I 


4 AjLa CjljL>ol cdJj 


4_j£_Jjl£_U3J i^l (-UJN.VI J-L- 

(JLdlul 4_p_pj t 4 _}! jJJ CjIj j (j-U 4 jJsL>J I 4 ^Luu^l CjM C.L 2 I 4 JI 

(-dJIi j-lc 1 — 4 <_pij 4 ' c^! (* — i - lL ^' Cy* » j xiaj lj £.1 — jj-^JIj 3j!j — >J! 

(jjjJij I JM->. 4 j_PL*JI <_L1 i_ujM! l_£_i I 4<j^a 5 pLj.j-3 CjL^I cTuTt£~l 

. ^ ^ 4_^jL_uJI 43 Mid! 


^LtSLcaiMiSllt ' 

43 L^_L_jj 4_Lj_j ! ^ ^ Ls j 4_3j ^J-C. ^_A j 1 727 ^Lc. 

<-d_!3 L^j lL t j>pL>J!^ 4 _jj <_uM I L 4 ] ciaj <-o 3 jLL 4_t-£3L?d! 

jl i_uj M-5 1 !~^ <$ L^HsLLs g. 1 3 1 1 j La ( j oi ^^pil 3-iLU L 

0 L 43 JL 3jl_U 4 t5j ILL 4_<-^L>J! ^p^_u ^ j! j_3_j ^LaJLJ! £i IHs! 

4_u — <_uj ^ jJ! j_oVl i^jL^yJ! ^yc i^uj^ La J! j — L ^jLLUj 

(j\j> !^_3J 1 t-dJj (j I j iIlc. ljj LJ ! L)>^ ^ *— J L-^ L^-J !_^ ^ Lj-uii I ^ 1 «LLc. 

^J_uo ^I<J 1 (jL-J ! 4_u Lj_mJ lj 4 j*j ilo ! 1 jJt 1 j-LJ 1 ^ jr lc. 4j ^ t— b j_<_u 

.^jj^-LtxJ! JM->- L^J! 

^j-o-t < «iLj 4JiUlU ^J-Lud! Ll>S-I! 3 jjj <2ijJu>. jJjLfoJ 
La 1 4_^L ^ysj\ ^_j_3 CjIj ts~> j^£> ^_>o <LjJlj>J! ^ 1 jj_uaJ! ^LLc. 


4JjI ^yjC 1856 aLc. ^y . 3 


(4)- 


Thomson ^_l^. 

Clx-cv 4 Jj_jL M 4lL^ ^jLb t4_u^-^ < 

4 _Ll£^ ju l^j ^ j-<-u-<a j_L uL_>- M Jl^.^ t ^ < 


^JL*J! 


4 H_u I 


_u_) l _4 ^ < (i *>«■ i^y^C-L.u L« ili! 


^->J! LiJj^KJ *LM J-pLu L^jj 

(j^>dl (-LLLi 4_c.j_<_u 3_}Lj ^<3 » L ^ IL ^ jj^-tioX! ^ < <i ~>d ! 

^_LJJU M— 5 ^ < n ^>d ! 4_lH^ ^ L3_J 4_J^IL^_J 4-i-O L>J ! ^p ^_U 4 J l's^> y£s C< ^ ~\ 

L—<llS’ L^iaLUj j5^?e_« c< ^ — 4 L^J! £. L3_i I j j_4 — 
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jj >- I £) 1 2j_ui, I 4-ua-L*J 1 4_sj L>u (j ^-lj±a j-E ju£u-u I Ju3j 

l lo 'V- ^ jr in yJtj-i C-<_L>. i ^Jj 3~ 1 1 jLjjlJ I yZ OJUL& 3luvLLc j. ."if- Q^_3J1 

<3jUI 4_dl ^ < «i n £j\ <-<±>- ysuuz] 3jjJI (jlu Jul <_uJ! J 1 3" f. I 

i_jjljtILU_j Ca-uIj JuL-JI aj^AX! ciJI 3 3ju1^JI 4 _ijL?cILi (jj i_u_4 JJu jJl3 

CjL^j i_uj>- 4_C yz <__3J Liu 3jjJ1 £)l I juJ I J 4_JjVl ^_)Jl3ojj 4_t]_3_*JI 

Protons .Electrons ejLj^p^jVI Jiu jj^Jlj 4 _u*LHa 

.Neutrons 

^ ^ Rutherford 3-^_3 o jl>.I ^ I ^ 
(^jjJI j. — ^1 ^^ijl {j\ u — II 3jj-II ^ — ^lj-i 

'^Jj^yZ 3 | yjZ Q J) ^Tl 3jjJI (j ^U^SLI I l_3J I fdju I . C-U Ju>j I 

4JjjL3IIj - 4^1XJI 3ju j £ 3 Central Nucleus 

4_o- jJ, I 4 -Lse.Ju-I I Cj Lmj i_u_>- (^ y->^z CLx-ltv- .3j jJI Cj Lj i^SLo 4_l3_j 

CjLc^-JuJ ' 4_cj JlC. Cj L^_i_<_u->- L$3l ^ L> ' I (_^-J! 4^Luo^Lj I J_& . Julu i^jj^uJ! 

L^Ll>o Orbits Cj I j 1 Jlx 3 JLjlj 3 1 j_Ll I da !_>oj . Cj Ljj)^J ^_ j_LI 1 

s> ^ P 

CjLc^-JIi t J_<i_>o Cu lu jjjuSLI V I ^-4-^uJ (jlj^^l 4 _^j_ 3_>- .^Lseu^^M 3 ^_j_*_^d 

^j-o ^-J-La3 i_oj j . (« 1 )) 1 — 2 ) tfuJ I yz j A t ^ ^ 4_J I i_u 

4_j i-u-4-JuJ I 4_C. I ^Lla_j L^Lj SjjJI (jl 4 call 

3 1 ^-tll ^ ( n^se-j 3jjJI l ^ j j£ CjLjj^ 3SLIVI .1^ Mj-J C-cJJ>- ^«c_s)) 1 — 2 ', ^Jl^ 

4_t^L_<j 4 _xjLjj_^ <_j 3 ^k> Jjj-E yC. 4_blit^ ^J_3 j V lj La-stj>. I I 

^ oEjj^SUVI ^juj> ^^JLi J_s_ju Electrostatic Attraction Force 

. 3l j_lII till^ JJ JlJ 

^-jLu yjZ ^ ^ 4!LjJlj>iJI ^Ej.j^II ^_) ^ II eiJUli Julj ^ 4 Ju^ 

^- t -^h>dl CIj Lj. I^i }II^ 4 -ua-L*J I CjI 2t_}^l CjI >-y^c^ 

4_j_q_a 1^ 4_3 t-u-lb Lg_j Cjj^JLj CjI Io j ^3 lj E c_j ciJJ3 Julj CLt sr t <^> I 

djEjj^Ll! Li tj_ii>.Vl 3j jJI jl jlx cjUjjJiSLlVI 

31 mi mi jj mi j Valence Electrons j_al£ji!l 

tiJ jL-o . S^imi «LijLj_^_j£LII L^_usl ilm ^ jj »" 1 1 ^ 3j jJI 

.(2) ^1 (*) 
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^ 4_aj Lj_^_jSL! 1 Cj^Lc.1 a~t]\ 

— <_uJ! «gLs^p^jv ^kh jjuJ 


_3 4J JulC. 


Jl 


jul^u 4_s ^ j I! j Valence 

jl^ (jl 3-2-5 (jL^ 1^^ ji I! j-<3 

ii»-V! 0jl Ju<J JJlC. t^rj> i^> 

.<((« I)) 2~ 2) ^JSLtTuJLj ^ t's> ^jG> 



4_»j >» ^4 iuj£j-4 3I^_j ^yo t^K t» J5L_iiJI) L^Tt-t-Lj 3 j-lJ I ^^—SLao : ( 1 — 2 j ^J-SL— JuJ I 

^LL^j <4_Jl-uJI ula>. uJI Cj 13 ujLjj^SJ^I L^fl jjJl-3 CjIjIjlo 3_l_*_i 4_iaL>*_4 4_c>«— jJ 1 

<1C^4J>1_4 L^J ^_>- J5~' 5 4_La uJ^Hj i^IlJI ^ 11 L _) >1 LtJ I j 4 i..wi 4 ttiTI 4— 

,jj_dl .^y (d^nitl ^_>*JJ! yC L&Jljuj L$_4L>*_>»i ^ CjjL 33J t_t£I^SLII ,j_o 


3_UC, ^3 4Jj 3 ujljjjUSLJI ^ ^ 1 1 j,i^‘ t tl 4 _Jj_lI I 4_tJ_<J I £L-u3 yj (d)) J5LJJi ^2 

_ _ . „ _ * _ ^ > 

4_a jy^a j_4_>«3_j (i^isLiii jjj^nsaii) ^ui ji-iii (jj^nsLii <l3Ij!-l4 

(hHjj j<s>\c- i^V I Ja 1 — JluJ I ^_L>tIL) 4_) (^Idj 3"iT I ^^3 4^j l— till 4-U 

j! J-4 - 3 j1l_LI jl-ill ^y-2 3 jjjv^1I Cj L jjjJiLI V I j-lslI LJiaj j. >*V> t T I ^_aL£3 . L-j. \ ->Ti 

4jj3 j! J.4 jV ci-U 3j3 ^ l_4^ i ^LSLUI (^^L>.| j-ualxil j! JL3_t3 - J^lSLUl 

4lj t3j-ca>Vl j. .nVtuTt 3 j3j!j- 4 CjLjj^HSLII Ji3 mSj . -l_»-Ij ^j^lSLIJ < 


(6), 


*U-iL-^_<5JI CjM^L 33JI ^ 4^1 jJI 4 jj_l3 c 


j j 


3^.~'i f? \ i l£Uj !l 4.1 — <^ic. ^ya 

4_u j-& I U ^_j£^ ^ L*J I (j L_j I u>^ 1 Cxi Lt <_u 

^J>> » J 4-ljl VJ t lj^_i_aj Lc^^Lc JlS 
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‘ <*JuLa dll j_< — lmJu j ^H3_u j-ul ^3 ^AJu ^aJ tjr lll 4_LLj_j_3JI 

1 i s~t & 1— IH-4 L^^-J , a £J~ £. L>- ^^jJI 4 -uL)-uUI Cj^L_ 


ai 


«— o-«J 

^£jL_4 j-A-J j_j_i£LJ 1 ^luil I Ju& 1 4_L Lj jl ci II j__3^_jj CjLSL <_u^L^ £_4 

3^-&LlaJI^ 4-tJj) /.X j-uQj| 3^_&I_L3^ 4 _j ( .1 j IoLLjl^ 

_iL?e_jl j£. g. L^a-LJ I jj?e_c. Jl 2_3 . J>^_<_uVl ^-<-tu>JI ^L* ^ 4_o L I 

4 1 1 /^> H ^L<-a^>Vlj 4_^oL>J 1 ^JsLLaJI £_j j^3 4 _j_ 3_^L1 ^ 3 lV< 4 j ^_j^a < << 3 j 
4^UaJl (jl l^_3 tfuTt^l CU-ljv. t £. j (JaJJ 4_j_>. ^Al ^ \ C. 4_L>*1 i_u_JI 

j> 

4j?c_l1j ^_<_u_>J I j_4 SjLlJJ 4 ILjlj_LU Cj L> I l_£j t-uTt^j (^jJI 4 _j£J^>JI 


_u LuJ L^_c£L!^ t »j) ts~t 1 1 


I £_4 Lj^-Ls L-duLo C__t 


ulH3 V r 




iii 


(jl j_4 (jj^_u 4_tJI c__<_& j> La c_3^L?e_i ciUj> ^ ^ 4 _lj j ts~i II CjL^JJ Ji Ji^j £_ a 

L^jT (^1 1 4-0 j) II CjL*. j-^-U (J^laJl (^a^Ltlu Jil jjj ^Lt-tTu V I 3jui 

. L^JL^a Lt < n*\ C. \ \ , „Lu C_ t i (iLtlu 

4-J^. ) CjLaJ i_u_x3 (^1 »La-L-ll j_4 ^-LillJ 4_4j^M 0ju4> Cjjj_3 JL3j 

(jy \c.^ . 3 Jdj jl>- 4_ua-lc. 3 j^j j^A_c.V ^jVl 3jlj-jJl 4Jj_L^j j ^£LJ tjj^_u 
c 3 (jjjj-jii^ 4 — oil i_ / a. 3 L« (jl ^-LjL^ (_y — tiiil — «_4 jJL I 

jl 43l j j 4 _x£Lj i_u^l£L!l (jj j_u (jA_jl j_3j c-( >-LL>l L$_>L> Sj^Il] I oly & 

(jj^_u ^ — Lc. (^y-Ly& T iJI (j_4 4 — _jj ^4_j — (_ul^ 4_^_LaJ L^_JJ 

4_3Jl^t T a (j! ^ 1s>* l Cj Lu-Io L jjJ I ^ 4_uljj_mJI ajJjlJI 4j^IjI 4-C.l ^ ^ 
(j 4 ~m Ji_3j 3 I jj 1 4-j^ lo <t I Cj LuJoj_ 4J I diij j^a j-±j^ j } ^yzuu (j j 4 ^oi I 

Cj^.L>- ciiij Lsl> 3 ^_L>o (jl ^jl_3JI ^ » -Q 

^_jL_uJ I (jA_j^_3JI 4 _x£Lj du>KJ I (jj ^_u I 

c r?j!o jIjj J-lL^:J I j 4 I (J^l3w ^j_<a ciJLI jjj ij tHi£. j)_<aii(Jlj j ui£. 

^Jul (jl CLl£>^ 4-lIc. C-« ^ La-4 !jj_Laj jL^I 4_jicfcjj 4 _jJ_<j_*— 4 CjI JJISL 4 ] 

(j_j L_tiuJ_j I djj-jJI LJ I ^JL*J! < J .cHjLl^I^ILsVI liLL (j3^_4_j 


(^^jii I ^LU! jl » Jl — 3 ijr^>- 4^jL>- 4-l4- I c. 4 J) j-4 jj^jj 4 _j ^1 — 2 U, 
4-t^J Jlj 3 «^^_tJI ^L>. ^ Lj_ui] I Ljj_xSLaj 4 j_3j C-<JI jLa jj^jj I 

.j-jJl^UJIj ^IjIb^VI j_4 4_3 jv (jiaju 
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yjlnjai • jU^U jSI OJJI :eilD 

5 Lt> 3 J $jS3 ^jj-i > jo jSLy) tjy^\ Jut : jaSJI ISLutiL y a 

£_^Ll!I jjj-iJI tjjlzu ij] ^ Max Planck «oU}Li (j^Loo t 

( jr I<JI 3jujoi]| 4-uLj j-iri } 1 4 ijUo ^ h (jT (j Jd (J— 4 4~t'z- a 1 s~> j ili£. 

4-tj Lj j j 3 1 1 I ^Ldo»l CjI t-o.Lv. ^j- 4 4 t_o.Lv. <_J V->- L^elLoj 

. 1900 j-y ooJj 3 J_3 _*_lI I t^\Jj_s 4_ocJdl^V 4 juLjJI 

4 » j ilo j-j t_o4j 4 jv- L>o oLL^Lj ^jJ-C.1 1 4_pc-jj Lll I 4 t_oL>JI 0 Ju4> 

^jl jLolc. I jJ^Lv^ odJ3j 1 3_i LoJLJ 4 j oools LuLajj^SJ I cjL».jJII ^-L* toil 

cJjJGj L^oSLIj CjLv. ye, e-A C-poq-l! 3dLI,l ^lo.v 3jdLo^J I CjLc.L»_toiVI 

J 

I i _ r lc. Cplv. t PhotOIlS CjLjjjjdJI ^_oul 1 (jJLLsI Cj Lq-u-ujv. 

^jlj t3j^Lu^JI cjLsjjj-UI jjlc. L ouLu c-oouLuj ^L<-ouV ' 3jloL 


3j jJI 4^1_U ^j| 4j^IiLlj Cjj. ^lol dL^ . 3 ^^yJLc. jL^TutJ (jj j j-3J I 4 ^LLs 

1 ^j4 Ju>- jj 4js1 UH Cj Lj^Tlpu-^ 3JlC. ^^Jl I ^ gj < m 33 ^ t 4_LoHo C-ooojJ 

4_j_t_t_ojJ I 4 _jjJ3_j C< qC. _i Ju3j . Cj LijjlSL! V I ^_Aj jJLoa J I 4 -j_A libs Cj Lo-lpujv. 

LlouLouT Lt£j C.Q3cj^.o^> (^^iJlj idlj^Lj ^_jLaj 1905 ^Lc. (jy-^ 

(jl£LUj (jLsjJI 4_La_il^JI 4 ^MjlJ! <U!urJ.I £h j_u ol t-bljisl 

( _ r _A Jj i4lulj jl 4_3J_La_« C- < Mjt ddLs^Lc. L^T ^jLlIuJjT CuJ 1 J> 3~4 t3jLilj 

"(8)1 ... ~ . 
. Oj-yt-uzy 4_oi_t_oJ 

IjL* toil ^jLj lob I t>JL*_i lLL^Lj ^-u^l_4 o_3jL>o ^-jLu CoLbs jJbj 

^.>1 L-o-Li Lst^j Quantum Mechanics ^ <11 K -uK-^a 3 j^j j>LJL 

JlC.1 ljj L«s_ 4 t«bSL toj^l£L!l *Lj3_l3J! CjLjj_Ls_) ^ J oz. I 

cjLl L s-«JI (JL?c_4 L^jj-j I 3jj iilbsj 3 jo jov. cjVL?t_o ^ Ljj. j t?l I 

^vlc. Jlc.1 yki ^-o_4 t_u L jj 4jj!jo>J! I^-usLujJI ^LLc. ^J-toD I Jl*j ^jylll 4 jjIjo>JI 

((Quantum ^£L!!» 4-^1^ 1 3jl toi^l djij ♦ 4 -ajj 1 1 l£L-psl_ujJI 

^_ou VI I Jl^j 4jj_LsJJ I 4_j_< 3 t_uj i « 4-ios^ » La1_lsl> 3 ^J-o^Vl 4 -j-LuV 4_«si^ 

f Loo^l jl ^ i ojvJ 1 ^‘Tr ) <a i jl ^1 t_oJv.Vl I 4 -. t-dtSo ^^jJI 4^LkJI I ^Jl 

^JLc. 4_*_Lj_3da (J_3 oIj L^LIj i 4_Loj I jlbsj 3j-dt too<3 3 jj Aoa J J_3 oIj V ^jjv. j 

t? JpA Cobj-C. I jJ t4 jJllbs CjL»_4_i jl — « )) 4-ts-l^ <sjv- — CjLu^ 4 l_uk 

j> 

^_pL>sl j_& Q Jjj .1 ^-ouLlil ^o>-j_I,l q I c_< oojv.1 j , ^SUI l£Loj 1£Lo<j_j 4-jj lal! I 
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JUji I 4_3j_*_C-i ^Ca.^. 1 I J LdJJ 1 3 ^C. C_f3 J (_u C_J lli£Ll I ^yA (J a 1 1 I JL& 

lj-La_J <4_J_1 <_u_(JI 4_JjJi_JJ ^^Jl l£Lul£LuQ 3j^J ^yC. (Jj ( jyC> 

. 4jL^ jJl*_4 4.3 4 I? a c.j 4 4_Ld Lt-u-j 

CjL>- cJI ^ 3 <yi 4J i_u i_u_<aj>J1 

i Ll>> jJ I j ^jlaJl £-_L4J>* i _ jy Jt 4_u1jui,1 1 $jlj)^c.j 4lu JlTsJ I ^Ljj_uaJI 

l£Lijl£Lpa 3 jjj (jy If. 4 _<^jLSJI 4lu Jl^J I 4 j 7s lo < 11 CjI jj.Io <11 CLx <-u.<_u L j C-ljjv 

£-Lu 1 4 i is> ->J1 S^Iuail til fc J>U. J) ^ (jl ( - u -^ l>^ t^SLIl 

^^.Jl l J ^LjJ^LJI ^ — ic. (^u — i_ul %75 ^j-4 j — ^1 

L_C^ltiXl lj ^y-^-UJl lllJJ ^^JLoLjL^-J (J4-*-) l2J 1 (j-O^LJI 4 (jl£j 

<■ he. L-4ij £_ Ll 4 j a t" U 4J i_u (j-\ t-a_4->J 1 

3jjj (J7 I<JI 3juljJI cj lv< 11 ^juuj cj! 5e_j^l ^jlc. 

.jjLlII 1_jj>- jJ j-<^j 
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3 


Ij 

jjUJI p 


(jjj 1 < <i 1 1 ^J t/~\ o 1 1 ^ £ Lj j^ 3 1 <;^ 

^ t-o-ujJ I j. /^i < * II ^y-A 3jjJ! “ ilnSLII 

ji 

^ Jl^cHj L$_<_uL_ul (jr Ll iSjLa 

dj Lu 1— Lt_U 1 ^ I 3 J LI, 1 dj U Ml 

jlj_U djlj3 L^j^LcLojj 4 » j'i loj 

4-uLum^LH djl_i£jJ,l djLi_u_uj>. g. 1_Ll! ^j^Vl 
juu j . Molecules djLuj^JLj <_3 j_*3 0 il l 

^ HJI 4 _}!j 1! djl Ijjjvj dj Ij j 

4jH_4 JJ LU I ^£jl 1 i_u_4 ^^yjl L^fll^ejvl ^j_u_LJ l_3_fl 

4_^ajL5tU i_aXI UjjJI jl 4 Ij-L^-s 

. jjLlI I Lx>- jJ j-tSo Jl-u-cuj 

j-aLU c_ 3jl *JI 4 j ^ J I s-Loaj 

c. 4 r. Ml] I j P) tt- 1 1 4_j (_uL<_uVl j Laj>J! 

j-l 4 jjLl^ jL_jjL Manipulation 

Ll^jJjJSLj 4 4_J_3j 4_4Jji,l £jjl 

3j)UI ^j-ol j :>*. c -" < Jd* j__jL(JI 


Lo- jJ J.‘>5o i 1 <4 ' C. t^UJU V » 

*1) 4-jJllLcj j jLaJ I 

jJuL) 3 j 1 tl CjIjjJj ^ "*■ -»J 

4 a c. 1 inaj Ld-4> I 

«Sj>UI 
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Cjljli ^ jl^M 3.}Lc.l ^^ylc. 1 $JjJL9 {yA L±\ Ilij 4 ji !_uj 

^ £-* i 1 v <- .M~tl j Atomic Arrangement S^l U 

Grain L^L^uo. jUA j-u-uLla j.j» jug , J Jjj-L A^-C. 4 -lLv I jJ I 1 ^KLufc 4_u_i 
jl*_ 3 .3 ju»- I^JI 3 jLXI c^t_uoI j 3_s j • J£1 j 6 ^ <-dJbJ 4 j 3^X1 Sizes 

1 J-2Z-) f S uz I a 4 a 1" 3 t_a 3 jLa L^J j J J-u . 1 JLA I jHJ I j-l-la T l! 1 ^jjI_Lj_ljj 


. 3^_t_*4lLc Cj 1 3 t/> ^ 

jt 

3j£jL«X I Cj l J 'l 3" 1 1 £yC jJl&S I JjLlII LjJV jJ C-< 4 Ju3 ^ Jn-^J I I Jufc (jy^J 

^ ** 

Atomic (^jJ> II ^l_LtJI ^ s ^SLstHjl ^ Ll^x-j (_^3JI 3^ t-a-iX 1 J-t (_ail^ 

cjI£Lj tfuJI j- 4 -j cjIj jJI c__<_u^j cIa 4 'i jJ! Structure 

^ 4JjLa 3 yA L ^^Jl U_* .Crystal Lattices 4_jj3lJI 

gJiL^cj ^1 4-jXa-^-Lll J J.C jl ^Xl ^yc 3ju J l>- £-J jj! yc ^ I do! jl j LI 

3~ (J7 A ^LeJj I Lj pj-jj . 4 j J j \ 3" 1 1 _} I ^X I £) a l_^j 1 ^yC. 1 ^ I ( 


L^jljj c_x_uj3j 3^U! 4-u-lI \'‘ 31 j L&l jjl j-iSoj jjLlII ^Xc. 

1 Jufc Isla (j 1 ^_j I j L3J I I jJ . 4_tJb>. I jJ I 

c—u-U^ItJ 1j 4_tJ_>. I jJ I 1 £lx 'l I i 3 J 1 t 1 i jy=> I ys>- iL Luj 1 ^ Jl> 3 C_J tH^Ll I i ^yC l J (^>31 1 


• tij j- 11 


XjA L l^ . SJ I 

U-jJj 4 4_!j_*_L4 4jj_t-^_Lc. j! 4_j^j_£ 3jj_t-o ^y^ 3 jUI CjIjJ Jl>- ^3 

t-dJjLj 4_j^SL<3 J <-ol_L»JI Cjljli ^j_43 L&j_lC. Jurtlu ^jl ^^y II 

4jJ jJ I Xjy L l! I J.JJ jjyl . Cj LL jj>. (_3J Uu 4 _o Ll^ Cj I & yCi 

4_jLvVI Cj_iI£j 4 4j ^ \->. V I CjIj jJI jJlC. 4_c.y_Ll I o Jufc jJ jj t-_<-u-u Jl J_4_u 

4_t-^L>J! 4^LLJI ^_t3 ^y_A L$JI lj)l is~ij (jl ^L^1»JI ^jy^il 

4_i-£dL>J I 311 cJ JlLj 43jliLc 4 4 ^j3ll ijr £i (jj ^3 43jSGil CjI t^XL. 

(jj 3 TO !^]\ LGl 4 4 j?Gj j t^l_L*J! CjIj j (jl ( _ J y_L3U I . 4jJ)j_3Jl o!jj_!Li 

J^lL33j ^ y — II J^L>- i-dJjj 4 1 — ^jL^LL ^j>>j33tjj 

^1 cjL^J.1 3jLj cjLXjj^. (j _^3<J djljj « LoLu^-t^ 

. L^j 4^LLJI ^^ol^it-jl ^yJI ^yyj (-iLIiij 4 1 J I J. 3") < «l 
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£dUI g <>Liy : jaJI) i jiJI 

s 

^U-uLj LJ&jJtl (-Lajljj Cy*J jl y IS\ \c. dlljj £jA 

oljljJt! ^jJ 3 Chemical Bonding 4 _uLl*_£JI tkjljjJI 

4_La_j1^JI ^JjlIj ♦ 1 ^ ^q-u jJI j^jJI 

t_-Jl (-uJI JJ- 1 S L II (jjjlj t_.<J V ^ll Ji J) II tjjjl (j i — J 

£jJil tilijJ 5 iiLoVl Ju>. I JjLftlil — ^L*_LaJ! jJLa — j_^ j_uail 

.Ionic Bonding 2 LujjVI 4_L^j1 jJI ^u-uL> j>*-U 4-uL-^JI lUjIjjJI 

Ljj>- jJ ^_uLLa {jjG LvLuLa Jl»j 4_ij Lj_c_j^LJ I tLajlj)jJ! I Lok j-Lc'IiJ I 
4 ^Lu u U1 j <-^l_L*J! CjLj^j! £_ <aj>u dajlj^J! cihj (jV til t j jLlII 

4_ukl_u_a CjI 4-l-lA ijr ic. _il jl! ^j-4 Ijj us till Ju 3j I j_a 

Molecular 4_ujj^>JI cjLc.1 m^> 11 4_j i_uL_uVl ^LuJI jL^vi 

.^LJ! 4_^l_kil Manufacturing 


ljIjjIaII 

1 g ts>\ j L^LjI iuJ JljJlj>o 3^Ldi 4 jj jJI 4 -lLlII j-jjG 4 bLib^L) 

4-lcuj 4jjj1j (J^Lufc (Jb-I.s 3^111 CjIj j p j fc> 1 4_u Lu^-tSL! i j 4_uLjj_tdJI 

JljJlj»o iJ7 Bi 1 aj Lu-o-Uj J Jj 1 1 °i j-Iuaj 4_u^ <_uil CjLjLljJI tiJJj 

l^jlGJl (, ^ in ts~> j <jl cJiUI <J uabJ! ^yA Ijiik »2.}l B 

tl) L LuJ I tilij lj ^ 1 ^Juio I J_<J 4 >\^1 1 ^ I ^1 ! CL) I J i ^ « (I n L_ 0 -& L»_fl ^y^)j-SUl I_ujj 

1 ^J| JJ t— 3 J-<-u J t 1 ^ J 3^111 tiJ jl<-0 (jyl^- 4-tGjGJl I JJt J-pljJ i4jJjJ_lJI 
. L^jLlj_uv \_3fc_j T ^_o_jjL1aj 3i)UlI 4 a 1" '^1 1 (_ys\ j >JI lLsLuj! j-ij-U J jJ_tL>iJ ^£> 

Crystal ^jjlJI ^LlJ! ^J-u.^» 1 ^~h <_ ic^-j 

4_Liej ^ ic JM_>. tili^j 4 JLuaJI j! jll ^ s Structure 

(3 l2 * 1) ~ s t ji " ^ m s 

. A , S*T\ Ct>J lx-qu i £_uai Jji JJLj-uJ Gjlnit-O 


Crystalline Single Atoms 4 jjLwVI ol jjJI 

L^jLa_G qu 4_o_ujj 4 _j^ cjL^^Lc. ^_uij ^jV 4 lIu^J I . JVIaterials 

. jl jll olj3 till ji£j 1 ^ \ 3jLdJ 4_j oboJI 
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4 1 1 I _}| ji.1 Cj ljj> 4 j Jl_u LI 4jse_pj 4 _j_^_j_^_>J I CjI S^LjlJI 0JL& ^ jL3jj 

^-uj L qJ3j.su ^ L" < a J jqj-J ^ LL_) ( n nj I q_uJjJu ^ 1 j IiU 4_£_j_) ^j_*a 

4ojLj 4_lC. \jj£ £_uol ^a CjIjJ II 4_t£ c a L i qaj ^JlIIj i^j^LuIl ^1 LjJI 

j? 

c-t-u _p]l dJJj <jj .Lattice Points 4 jj^1J1 4£u cJI qLL3^ ^ ^3 


^ j^-LCu Single Crystals 3j>UI yz 4j^LvI CjIjjJLj 4-L-A If. i^£j jJI 

Crystal <Lj^J_lI I i^m\\ ^ju>.l ^^1 i yCu. 3 4 <a Ln I ^ 4 u i_u <JL^ til 

.c-xaSLII 4 lj <^’4 1 ^ m j ^ LujJ 4^_5 j-*-II u_uJ! Group 

^ (^jJI Skeleton II L$jL 4jj^LJI 45Lqqq] I q^uj-su £__lLh qqjj 


4_i <n3‘J q_ujj3j 4JL>.L 1 ^ » 4l yz ^J^LL^Lj 3^U1 CjIjJ yz 4x. 4 

Cjljjlj 4-U-A ^1 J-ll ^ I 4 IjjLjj ^ to" < <a J£ qlq) dJ3j 

Polycrystalline 3 ^j * 1 * cal jjL 3 jj_q-> 3^Lc j^y L^j t 4_j_>U*l 

. 4_oL>- 1 CjIj^Aj 3 JlC. ( x_<a_>«_! Jj_a (_3JL3 j 

4_u 3 L>J I 4_JjjJ_qJ I 45Li_Jq.lI 1 jLj L TfcJ La-quj (« I » 1 — 3 ) ^JSLjlJ I ^-u^yj 

Lo-UjJ p L~ 'J 1 ^ J 4 iLj < n I II t_qJt£LL I 4 I J L/>h I 4_SuL-J I ^-U^LLjlII Jq>. V 

(_£ J LqaltJ 1 ^ L" I ^ Llqu Jqt-A ^LSLqq (-iLIju 4_J^5La t 45LnTq] I qLI_3_! ^lC. oljoJI 
i. L ' v.^Lj t—4 j) < n4 JSLjiJI ^_yJI Ljj_L_j La I3lj .4_c.^LtJ3i jiLul 

^1 Lj lj * is> I CjI ut£La 3 JlC. cJiiUo c-.qat£L<a-LI ^ K II ^J5! q^J I j] 

I 4 J ^ 3-Ilj Unit Cell 4 j^L^Vl 4 _lL>JI ^ < «» I L^-L-a j ^1 ^Jl 

Lj^L>J I CjLljjv 4 I jJ-4^ 5 ur&^ J 1 U jy> I y>~J CaLa <-u j CjI 3 is> 

VxSj . I (l^^II CliLa qqj 4_3LOil 4 _jjIj^JI CjLLq^aJI J> JL>o (_^3-II 4 _jj>J I 

4_tL>J I jLljI c j_q_uL3-^a ^jl 4 IJS*-'^ (jl qqj| j^z 4_ulj^JI 4 4 JL&. i II c 3 1" 

^jljjLa Jo-y V Cq_pc_3 ^_yj| 3ju^l j 3jLa j-A c 3 1" 3^LaJLI 

^1 jJ,l ^jqa (^JjL^JI ^a5LH I JLA J y>. j jjz ^uijJI 4 3 II CLLlj j\" 3 L" ^a 

3cUI I y>- t 1" -re_<a jy. ^-l-laTJ I L" qqjj . ^ ^ 4 -lC.I I ^Ilj 4 j » j i L 1 1 

^1 Lj Co>. t 4 _j^L>- V l l^jl^ l_*_5 T ^-uLjJLa <Lq-l£> JuJq>o /yz dJjj 

.Lattice Parameter 4 jj^L 1 I LJI J^aL*Js ^-I L^ ^ j_4ll !L_a Ljr ^- 

Jl^-I J y-ujuji> J^-J3 Cr^- ^“^-11 L y*3 

4_)l JuJj L^jLb l L^jLSLi qu Cj^UaljL^a q^^LUv. I yz I ^lC-J l ^LLa 
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kAJL $-iUl 1$ o jliJf 


^ (3 1 ^ ^ a ♦ 4-uLjj. I j) ->J 'j cjLLu^J ! 

^ylll I 4_Jj)jJ_lJ ^ *— - 1 ^-t-t^i-! I £juQ ^J^>- V I CJ Lc. I ^JLc. LiJoJ I 4 mfll 

Cj^l jto~ < (lU (^3 | l_$_Lc ^^>-1 4-U-U jJ-A> dLuk (_ylc. jJI 1 ^ J 4 

♦ ^)-U J-<-u-l 3 

c_3J J_a 4 to < (< I 33 La 4 a <m Te-4 3jj_i-o (« c_j )) 1 — 3 ) 3^ «^-t 1 

l_jL£L1I I jjt 

^^yJLc. ^j^TtSLlVI jl^LlII <-_j^ i_uj^SLtXI c^_>o 1 ^ i -*■ *4 £.l_ul 4 _Lj_*J 

^^ic. 3j^H3fcJL I 3-iLaJU 4 j^£LU CjljjJI L^j y £ laj HRTEM 4 ^jJl 


(—3 j) i^» jl 3 J_a_C. I 4 _^_lA 


l3- 


Ca> 4 a to~ < a J^L3_! 4_ 


( 7 ) ~ 

4_C. I^_) ^$JuG J^JV-^Lj (—3 J) / «l4 I Jafc l_3_Ii_J La 1 3l^ * 4_jjl ^LA 

CjL^LlxlXI ^ J L<-oTu 3 J_a_C. 3 l — ^ J) 3 4,0 4-Tt-Uk ^ic- 1 ^ < n rt 3 I ^a j to n obaJI 
^£i 4jj_u^^3JI 4_u I j cfu_*JI L^a}La ^.C. uajUj t 1 < j ) 4-l^)liJI 4 j_LljJ I 

I jla ^j-c. 3jj i^\ (jl Jlj_>» ^ Jlc. 3^ J ^j-a t to La£ t ^ j to r< t Ij <- r * T j3jdil 

,0 

. ^£L>J.I ^jjJI 



£i ~>|T I JSLJZlU LtS L>\_4 1 4 . ta^t 4 l 4 to 4 to >» ) La-*-uj ( I j ^Jis Jit I : ( 1 — 3 j JuJ t 

lIU L<— taJ I 4 -j^JLJI 45Lj— J it 1 

. 45Li iJ I (J5I 4 ^ l^JLu 4l4^l_£Ltl 4 - 4 JL 4 -JI JjLsL_ud'j 4_4_4_)jJJI lj_u>- 3«_U l „g,i^O n ^ 

JiLtA ju-aljtll lj!j 3 4-^J-j £gj\, £11 >Jo~4l Jltl 

4jj j\JI OLj^ uJ.1 L_aj 3 4<oj 3, \ (Jj-t^ cr^ OjjSHaj 4 ^ to *4 *4 4 (-LdLaj tiltij , 45L<_ Jit I 

lILJIiSj ^ySLj^J! J-aLsdl ( l) JiL-JjJ I ^yii . 4SL<— dJ I J5Lj-^t 4j^SHI 4 1 


( 8 ) 


3jjJL3UI 3.aLl! £j\,ius-> £j£, jlj-utj (jljilt! ^ytjVI 4 -j-L>JI 
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£dUI U 


jjl <LJLill —tLui 

4_lL-^JI jl jll JuLJI p teal 1 1 1 ^jjdl ^LlaJj! tiJLta ^ya i a < tl 

3-iLU CjIjJ 4_l 3 ^isaluj (^jJI J (_uJI (aj-J^ii! <>L iLsL jJI^ 

^ ^jj^LJ! JfTL^j! Long-range Order J_j^LJ! ^jJJ 

t4 il j-Ml ji^JU o^ 1 * } LiLIxSj t *LHL_u! M-j <-uJl cjl_ljj^>. 

1 ^ < jj L^-lS 4_<-£dL_>. CjI^^Lc. ^ l^_3 ] yQ \ g"t i c.j 4jJu_« ^UaJJI ljuk -C. Ji_j_>L 
4-ilc. J^LLj (^j jJ I c_4_iJ^alI ^>-1 Lv l_^_Lc (j 4 Cj I j jJ I L&^-lC. £_ *a J I 

c_xj <_u .Short-range Order ^jlU j-j-^ ^jLJ! ^j Lr d! ^ lJ 

j> 

4_j 3^-U CjIj jJI J^A_j (_La_j^j 4 4 L"< < -c 4 ^^Lc. Ji j ^Ji j<uu^ I I Jl^j 4" j *a < 

^ya £.11! cJjJGj JL1' (J_j_i uj . La (JjI i_u CjLjj^>J 

£yz 3j j £_<a 104.5 1 ^j4 43 jL 4jj!^_j (J 1 h» n^j Cy ^>~ jj Jl-j-^JI jl C. 

4^>LlI I LlUb 4 _<^_aj3j . j » 2 — 3) (JSLluJ I _5-A La^ 4 1 j IL 

V ! £-A Jk-l^J! Cjljj lLLujI 1 ^j!f. iJJLLuLj ^yljl 4_ajljJ! 

J> 

*U1 CjLj jj>. ^ J_u V La_LjJ ! Juk . ! ^J! £. La £yz jyCu V j 4 HjLj 

^jLc. L^J 4_<a_>.Li,l 1 ig eijLjj^JI ^_<a 1^3 Me. ^ j L ju 1 jIjlaU i_ul 

4_Li tfuj (jl L$J C LUI IL-I 4^1 Lll )*$\ £yz ^eJil I j A 

^j-^a cdLil L-£y&Jj . j>» j_4JL 4 3 i^i j (ji Li j\ 4<Uj! j OlC. 

No-order ^ L" < i , I ^.jr. j ^ 1 L < t ' ^ i_uL jl^a-U ^jjJI c_x_u^jiI I 

03 •* 0^3 4_ulj_iae. 4_L» — iuj ^ jJl 3 jU.I cjIj j Jli^o cio-^ 

Q^e.jVI tl 4 t ^^e_j i_u^Vl ^JLc CjIjLlII ^--ua^v CjIjJ £-u2-zc3 j ♦ c_<_u^j 

. ^ 1 lo ( 1 1 I Jl^J U^— > ' _^~L-ti 1 

(^jjJI c__<_uj3t] I JaLa-iV Late. IjLjL La-<-uj (2 — 3) 3^ <^il 

dj I j-^i Ljj 4 4jj Lii !j 4ij L_ui Ij 4 tl is~\ 1 1 LI, I ^j_43 oMl] I Cj V L>J I 

*LU<3 4 Lflj i Li VI La s-Ll! JiiwUjj ' iSj ^J! L^-ua 3^ (Jj (jr^ 

4 <; L" '> a CjLjjj>- £yz (_3iLIu CjIjjJj 4-LlA ( j t 1c 4 4 i L^i ! I 4_j_2eii<Jl 43iL>. 

^^yle.1 3j C jL^jjJ 4_t3ajj_iu 1 a ! j! 4 jI Jljj 4 (« 4_j » 2-3) c_< jjjlii! 

4jLjjj>- IjiaJ 1 ^j4 4LL4J! 4iL>J! ^^yJI 4 jL^ ^^H! j a ^ !! £_y a 

4_j^£L<a 44 i\i^>U 4JL>J! 1 ^jlr. Sj>jj>.jJ,! 4 4 L" 1 1 ! L^-Laj !jj j^rt3J! ^^y^ 
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L&dL $-iUt o j*Jt 

<=. LI. I CjLIj^v. 4_l3 Jl_ 3_oj ^ jJ I jJ I c-x-u^Ull (jfA j- > '^ d\ Iju 

*Ut (jl-3 ^j!^>J! 0_>JI jl^alu-ul £_/aj .(«_>.)> 2 — 3) L-t-U^oJI ^LLaluVI 

L^j i^jjLiJI 4_Il_>JI iSjlXI ^yA 4iJliJ! 2UUJI ^^yJI (JjL_uJ! 

j_& U£ ^U! j L3s_i Cj LIj c__<_u^j ^ us j_3J 1 ^_ju 0_jj>. 4_u 1 j-Ju.«J 1 J j i_uj 

. (<( J» 2-3) All (j-Uua 



lJiJ } l I 9 . U,l 3j3 >—uSj3 ^ ■ --^ >^_) 1 1 1-~> 1 1-~> ->< > L^-luj ^ 0 I yisySLj : ( 2 — 3) JSL^J I 

Lfrjli \ 3, a 4_J^IJ_l lj!j 3 ^j—4 t-oSYl olj3 (j— « 3j3 

«. U. I LjtJLjj^v i_j!j 3 k lr. 3jl 4^vjj j_olj ^_L4 ^JC .v-Tl ^ . ^l>.j^ 104. 5 

(8) ^ j ^jjLjJlj (_>■) 4 -LjLjJIj (lj) 4_(JLuaJI lj^TL>JI 


^yJ3 j_u£j I di^ 1 3 ( 1 1 I £j I ^ 1 1 1 uj ^ I 4 ts~yy£ h j-OJ 1 

4_*_<_uLtiu cjLb^llIjvl jJ^j j-3 <-uj cuMUl SjULI cjVL>J ^jjJI ^1 ty< jVI 

^j?e_b 3^m CjIj 3 £Jj)^J 4 _j_jI j iIujlS *4JL>» 3^ 3jl_U j dal 3 <„o ^ 3 

3j)jj>-^J,l dLu-^l lILIj J5j_3j 3juJl>- CjI 3 /^> 3_sl_U <__» \ i_uH^l 1 ^ <r. 

^I^J.1 lLLjLj <_uJ 4 JIL 4 VI _a JljJlslII d!l_L&j .(^jjJI c-t-u^pil ^1 to" ^ JlIc. L^j 
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£dUI 


o*- h* jai ^1 4J3JU]! Amorphous Alloys iuaj^Vl 

i^y=>\ y>- t _ ;r lc. (Jj-ua_>iJ! Jl^j tiJJlij i \ jJ! J <j_ju 

. 3 j Sj-L^Lo 4-t^-u L£L_a j 4_L 

l_J ^ «_uJ)j£wlII 4_Ll. «_u! Cj jJw | 4j^J?E_4 6JJ-U2 (3 - 3) jJI (j-t-UJ 

Ijlj . 4_t3jj^aVl jl Ijlt CjLLlC. 4jjJ-3 4 -LulJ 4^jJ! I J -bLJI 

(jA_uJ («c_i» 1 — 3) mill (jr 3 4 -Ll.lH Liiijj 3jj 1 1 tfjufc (j-u 4jjL3_4 Lj JlJLc. La 

L^J^Ll^l (jy£ 4_ti3jj-cVl jIj II cjIj 3 L&^^l ^_L>ij 4_u' j mi»H i^gj-A Li 

.3jUI tjjs c=r L>-|jJI J£L^JI £-Jj_3J 



3 jLa 4-4 -ulI iLS-tl I U. ^_) JjJISU V I l^LUl i_j L) 3j^ >^> : ( 3 — 3) J-^^J I 

t _ T 2 3^1X1 DlLA CjIj3 4j>i^3JlJ L^-i3 j £ t\ < <Lj^ JL a 4 SL<-<-uj ^j_4 4 _l2j^_4| 

4_i_) 3 jj i/> i *_LU3^ t3^U! 45Luli !_d ! ^•Jj, 3. 1 T 


LjLcj-oJI 

<_Ll_3_) ^Jal j_a JTl^TlI L^ujjj ^ La_u 4 iluaJI jl jJ.1 CjIjJ (j I L3J <_u L^3 

4_j (_uJlJ_A (J l£! tfu T CjI j 4 _j jL>-I oljjJL ! JJt (J7 ^ 43^La i 4 jjjJLJI 4SL uxJI 

4_j^_c ^1 lo" iL t^yzju £_c 1 ^ t^i » i £_ 4j.ib.VI CjIjjJLJI lIJLIjj . 3_i J se_o 

4_IbJl ^j3l (1 — 3) tHJ! Li^ 1 jj^Jj £.1 u 

** J> 

Lofc 3jLluVl jJ^>o j . 3.iLaJJ 4 jjj 1J! 4£L toJI ^yc ^lrdl 

(^J jjl C_x_JJjI(JI 4-JlHt (j-C. (jl 3jjj, IL ^j_a_J 4 jI ^ II 

t__JLiJlj x^aJI j_a ^uSLtJI (Jj * I ^j-^I y>- 3jL 1I (jl ^Jl ^Ijj LU 
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yyu $-iUt 5^ oLy o y*ji 


!^1\ jLa_*j jjLJI Lu>-jJj_(Su Cj 1 jl 1 7n jL^ Li] <-o Ljj-tlol La£j . jLuvVl a 

j! j_a t^£- (Jj) ua_>JI (Jj>-I j-a 3jl II CjIjjJL <J^.| J c_j ^_j_*JI j_a JuJljlII j \~>* 

. 4_J JljA 2I<J I jljJJ j-4 ) j-C. La^-ujIlI CjLu-^JI 4_jJHis_a 

i_j ^£L<-u I 4-La-<-ol y 4-lLuo SjLa ^ V (Jj) <-^1.1 lo < uJI 1 < La llijj 

(J <? i 5j^ Lstiua Grains cj Lu_t>. LlI i » 3 j < . Io j t_uj yu^Su ^ ih. 1 1 

U£ .Grain Boundary ^_lu>JI ^ l^L c_s daj UL L^iu 

C^_>o 1^ 4 _Ll*J I 1 1 La I j I j . (« I » 4 — 3 ) jJ I j-A ua j A 

^J-u^aLoj j-ulu i_3j i_u^ aL£jJlj j_j_iSJlII ILc <— j^Ss 

CjIj jJI j^a £_a^>u j-a cJjJ Liu 4u I c n 1 1 Cj Ll-lu^-U ^Ln. I jJ I e-uf^oJ I 

jl jJJ CjLl-ujv jLul (—2 llutjj . («c_J)) 4 — 3 j JuJ I C-uLjj j-\_*_a c_o_u^Il] 

CjIjJuJ^^LlC 4-iuJaJ j_a L^ i_u_; 


i ijr £ CjjLaHIt^ i 


_lj_i_>J I 3yul£ 4_i JljJloHJ I 

CjLfcL>ol (jl 4 ^LlIdVL I J_A . Cj !j ILaj^£LJJ j^a CjLLa o, \ Cj Ij u. lC. <^J! 

La_4 idjjLtJJ 4_u_u>JI j c. cjilutj 4-u-uv (JSu (jj jJI c_< jj^IlII 

. jjjvl ^il 4-u-uv j_a CjjLLu L^j-uIjj>.j L$jLL--> (j_uj_$JLa e_3^Ll>J 



^ G) 4jj_La 45Lu-u< ja 4 Ju_3lI uj ^SL u^jiLjJ, L j I Aj^->i-4 ojya (1) :(4 - 3) J5LlJ! 

JajLrv L^-Lu J asi a ) LjLu_o> 3-Ul ja iUaJ^i! 4JLuLU uil 4_«_LJ I (J_l ua\Ju 

L-i-SjJJi j-j-usLij juu l j, r> j r> ->1,1 La-u/j (k-j) JSLlJI .ljL-u^JI j^-uj' L^-lc jlLa_j 


(11) 


3_u»- 4 ^lu> JSu luljlill t_<_ujj oL>o!j LjLlj_<->JJ ( ^ y L>.l-J! 


3^Ul ijr l^ L)Lu_« 

c-cC.^Lll lj 3jjl all 4_I j^-ll 4 jjjJLJI CjI u_u>JI J * uaJ ^ ± 1 ju 

Cj 1 J < 2j c ^ jlo jj j C. c rtlVn L y] I i_j j jjlJ I I j_« L$J l£! L> I j i_u L^-a 

^_kaj j_a Li I L i-dJ lij 1 1 I uajj J I jJ, I ^ j a uaj jj LlI I Lpw jJ j-(£u 
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£dUt 


l ^ 3 iLLaj Sj^IjJI 3jij ^[^jjJI CjI j^JLJI s. 1 sJLc. 

» L<a i -C- Lai . 4 -l I c. J — >.^3 (jl a 1 1 {_yA (jjJ! (jyS*. 3 i^_<a— <-I I ^jj — L-Il a LLaJj 1 

3jUI CjIj^Aj J£ tlL 4_jJL_4_l (jj-LULJ^ jJl3 4 JjLJ! 1 JJN. jj£L 

^yA ^jCj I Jufcj i 3^ LI,! ^! J >. 4-tic. 1 aj £j\ (-4i^tTu ^a-^_43 LalLtS) 1 jjJli 

. j-la y L 100 ^jyJ! L$J 4 jj^LlI! Cj Ll-lu>J 1 jLul (^^uUjLLa JJ.1 is~T) 


4_Lu£aLaJI Jj_L>J ! ljIj4 

L>4 1 4_t_4_cA\J I t-i <<i ^ ' 4 * j ^ t-v \ V 



4ii_iJ I Lc ^y__j jjjiLSLJ V I -12 LJ I j— I 4 I^m.xi I I^j uj-ia» i 4 __]j_^_>i_ 4 ^ .-^ :(5 — 3 ) JuJ I 

^J_l3 ^j__ 4 ^ ^ 4.3 l>ill 4 — jJ. \ 3.TI lIIjL uaJ I ^_l>-! 4JuljlJ 0 ,.1>.IjlII u I kb yj 

dajlaJ* L^-4-lj J__ua4j (j ^J! I j JlLsu VI 4__U^jlj ujLu_i_>. ,j__4 kbJLu lii—tA* ,< ) LUSLT I l-L-tk 

*— JUI JJ*> I Ji 3 jUI ljIj 4 J 3->*3 43 US . JiLklii I jj-o Jb_>> M-JJ . 4_i_t_i_>tl I J ^_L>* Lijju 4.j. 

. L^i-kj 4_Lu£aLill J ^L> ^yic JiLi LaJuu tkjLu_i_>kil ^ylb- l_J I 


t_j ^SLcujj^SLl, ! 4_La i_u ! yj Cj Jl>- 1 4jj_^jse_ta 3 jj_i^ ( 5 — 3 ) tiJ ! (jyjj 


4_*a3>- Luaj 3_}La-U ^Lv! jJ! c_< 4 jJ)Jl3 4_Lj_*J V! j bLJ! 

(— 3^->J! tHJI 1 gjl! jl Mill lLLL * 1 1 1 ^ » i L_^j Li_j_t_>. 

3j-ULua 4 jjjL CjLl-ujv <-_3J L3j 4_Ll*J ! I < L ^\1 I,! i ycj * ( j — 1) 4jJu5c-iVl 
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LAJL $-iUt 0 jliJf 

Ijlojw Lj^J^j La I jlj ♦ 30 ^Jl cjl^ILdjjLj 1 jjf-a L&jLjuI 

<0^1 4-ua_Aj lLsjIo lLu^^Li i__j j) < .i^ (jr^l 

4 3jl».I jJI 4_i_j_u>J1 <J >» 1 j L&j! jlc. I c_ojI£uj ^1 S^UI cjIj j jij >-j ^Lcl 

Ijlj . . CjLi_j_i_>JI ^JLuaLaJI J} LaLUl ^1^. CjljjJI 4>Jufc J 2 j 1 a-Lu 

J^Lsl-La Jl 1c. aj 1 ^ <<o » i Cj 1_lj_l_>iJ I cdJj ^J ^ i l-La-3 Lul LLua^Hal 1 a 

cr 1 ^ CjIj jiil J j >.j 43 L£ £) ! Ji^sJ i_4l£ 4 l^-Lu 4JL^LU! 4 -d.u-11 L 

(JliJLl ^J-U-4-0 ^lc.^ «_&» 4_U_J_>JI £>£■ LJuJ (__£ jJI ^_>.jl_>iJI t II 11 

s " 

U£ 4 4-L-t-L->J 1 L_<J — CjljjJI ) — \ $jl O JJV 4 jljjl 

• (7 — 3)^(6 — 3) iri l s i t U L j ^-jus j_a 



j! Jju JSLJoILj u_A)i 4 u - o*H jJJLuj (l) j^uj :(6 — 3 j jJJLlJI 

JalaLLa -LlC _\jv ( jl £>lj jJi ^_ol cieo* (j 4 ^ ._>■ 4lj 4 1) iujjvLU,! ,j_4 L^jIjLv 

4 Until .}! .(7 — 3) J,*; 47,11 ^yj I J-l-lSLu £C_uD^_4 4 4_C>»j L>tl I 1 ^ >4 ,llj 

4 L&^LxjI (j-u-oULa 4 " 4 t^^LcJ 1 <i_l£ 4_4 j_i_>4_LI 4_*_>»jL>JI ^t-« ...~VI ^lC. ljIj jJI 4jl_i5U 4__i^_4l 

. u _>. 11 ^ ((LJll ^>1^47,1 I ^yj i^-lA ^A> La£ 


4_<_uIjJlj 4_i-^L>JI 3jj jilll CjL?c_iVI JuJulII ^JjLu J>U. 

Lo I jl 4 j I CuJ 4 3 jU-U 4_jJu_^eJs I (_yz> I j >JI Cj Llljl^J I J ^ G 

Lc ^_yJI juz3 ^ uj Ca_pe_i j! jJ.1 CjLi-ujv jLju !j jl La_sl ^ ^_5tH]l ^_j 

^(13 1 ) ^ U) ^^ylc. LxjLscjI *-lllj — I ajjLj 5 (jjJ 

jj2e_i cj I 13 3 ^3] 3jUI cjLi_ujv jl cj^. » 4^> I 


55 


£dUt 


4_i_u_>J I CjI jjJJ tjr lSL!l JJ *JI 4-jLi! SO 

ijr 3 SbLjj Ur^d ^ _4-4 1 ^ 6 'J. 1 4-L^LHl _}J CjLlj_l_>J I ^ lo < <i ijr lc. 

. (J^LsLlU ciljj ijr £ CjIjJlI] 4jJJl*JI 4^lliSLII 



44J-L1 I L- gjZSJ V I lt2 UJ I j— ^ j>lX I 4 I l^_) uj_L>> i 4— jj^g->i-4 : ( 7 — 3) l JiC— luJ I 

cjIjIlIi (6 - 3)^ (5-3) (jjJiLiii 4_ij-hii «^» 4-<-t.<->i- U i _ y i^ijji k_*_^Sjjui 

.4j^>.jL>JI L&4JiA>» 4-<-j-<->J I Jb*l.5 
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4 


SbJLazaijrfuijti 


jisojvi^! 


j_4 4_^j 1 (_oii (jj) n i_»_« LljlILLs 

4_juj I (J I jisa £ L^JjlI I 4_! Ju ^ jJ I j-oSU I I 

J ji^e_4 <_3 jj_ju I J Luoj UJJ^ 

4 SftjJI L^jLj^- 4 4^j_*_4j 4 1 ^ <^l 3 jjU1I 


p ' <<^ Ji j 4 dj Luj_>J Ij dj 1^ ,jJ I 

pSU I I dA ^ LLs I . 3 j Lt I dj 1 4 1 ii ^ 

4jjju-^ £j -A pAjJI Cr^J ‘-^j — H (j- 4 


a! La ) 


4 3j4 J J 

L^jfljLSr" < (Ij ^ylll C 

*. L^-A ^J\Iu_ 4 _u_UJ £j£lj£ ^Jl (jL_u_)V! 




♦ 4j J j 1 3~ H jl 1^-11 4^£ • 
» 4-45 J 33 II j! ^J .1 4 ^ • 


4 -Ji i ^l 2 *Ut Aljlt 

ijjQ 4l3il lILIj Cju ^ Ju^aJLa />SLj p__I 
4^jjilll j-zz-S -LLa jLuj^l L^ jx. .sl^J,l 


jj! (Jtldjl) 
)j_j 0 ^>- 4 -cJl 2 IL 1 ,I jIj — U 

-~i a ^ *Jl*J I ljj jJ I 

ljuJL>u 

«...4jyUJI 

at 
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£dUt 

1 ^ 3 jl 4 j_& «4 j Julllj L) » 4 1 Jufc 1 _Lq jj ^IL>. L$-4 JiitIL<_uJ (Jlj Laj 

CjJ-u^ki (Jj 1 4.i,i i l.u 4i, a jl 4_L&lj CjLqI JlscTu-uI i^'\ L4 J Jl^«j V 4_l1L C-csc-l-^I 

^ 1 j_a l^j j£LJ ll! I 1 j 4 4_jSLj <_j^L£L! 1 c_j jl 1 If. £_H. I (j 1 1 4? j 4 j^i" 1 1 1 jjt c 

i3 JlJ Jl£. J 4 47 1" -7C-43 CjI 47 J iLsJJ 4_C.J_LU3 { jlz>\ j^. I L^iLjli JJ J l_^_4 I JiJfc! (_u I Lull I 

JLUI (J_U uj ^U-3 . 4j J iluJI lj ^ 4>JJ JuSCJ 4_Jjl_U3 (Jjjls (J-4J '^~ LA ‘-d-llj 

Lh 4 1 4_ujJlj ^LuJI jLsjvI 4JJ_lLJI (jljj 4CjLsI j_j_>J I ^ jlp ij. j-^^kJI (j-u-jJ j 

Jl 

4 JuJu>Jl j (j_4/Le_<JI l£1jLu_u lIU j£j 4 j^illlj c__«_A jJl (JlLa 4 j 1 < 1 1 CjljJuij! juusilc. 

C_cf.J_U J 4 LaLp. CjJp. J 1)1 1_4J_)V 1 £_LU£3 Ip jl 4 J»J ito ^1 J_43 Ip lLU j J_p J 

(jLSLU J (jLajJl £_<3 4Jjj_LJ1 1)L_ujV1 4JL>*j Ijif. CjVLeua L^j La I JlULuu 1 

. 4jLjL1j 4jjLl 1 Ibjj 

4 4-lC.j^ CjLb IJlC. 4j JljJuUJ I jl j_U c. IpLual <__bj_*Jl ^£Jp. J bj 

4 4_C. j-ui. I O V IpeJ, I ^ 3 L^j 1 3 j i Lt~j 1 ^ 4^» I js>* 4_j 1 cuJj L^bj^j Lib j tiJ I lj 

L^_l 3 L^-uaitL 1)1 1)^-4^ 

iMetals and Metal Alloys 4 j3JL4]1 lILL^JI j e^ljJLdl • 
4Ceramics 4_£_p1 j>ljil • 

4 Polymers cd j-^LJI • 
.Composite Materials 4_£! jljil • 

4j>.jJl 1! jlj t»1 i ll~7tJ 1)1 ^ gjJuJI lya 4 l_ 1 LLualil I jji> jl — UJ 

Ipaj 4 1 ^1 CjLf. j^szA, 1 ^ I J c l^C. 1 ^ <^> I jjv j L^j Llu£3 4.C. j_^j?c_43 j 

L^J I j j lo 1 ipL J 1 j 1 1 lp3 4_f. j_^j? c_43 Cj 1 7s i ilolj Cj La 1 Jl^cI uj 1 IjJ Luj ^ J 

. V 1 Cj Lc. L 


c£IjLll4JIj GlJJidl 

4^ ^ Mineral IjJljlXI i >-4 4 j 1 < 1 1 4jj <» 11 UL>J1 jMetaljJLiiL j lj 

45Lll4-4jJ L (^A-fU La-Lu I Jui> .^j_j_L«jJV1 J ^jujLcJJIj JljJu>J1 Cj IjJlb j_usd LlC. (Ju-c 

jl l^j j - uzjlc . (J^-LIj i )_<3 ^p-Lil ^^ajj Ltii 1 ud Jl Metal Alloy 4 jjJLijl 

Jj V 1 : IrULf-J-b l)-A-<3-4-ab ^^yjl 4 j j_Ll] 1 J 1 jJ. 1 ^ (111 MJ . 4 jl <1 1 Cj I 3 JL 1 ] 1 ly3 

Lsl 4 joju>Jl j 1^1 if. 1 ( _ jr b ^lll 4 jjuju>Jl cjljJLUl lLLL i_u 


58 




jujo*J 1 V ^1 4jjuja>J1 j_lc diljJLijl liJLL i_u j^£ ^ < <■ Hil 

4oLLHI Jooa SJuJl c. CjI a is~i i Hale. HjjJLH I .jl j_I,1 j--ujaj . L^JjjSa ^£s \ 4j_L> 

^ju-^J! JLaaH ^yc. H^LJI o 1 j L^j*. V I HajlJLaj Hi mi iJj-L_J1j <___a*: (_ulJ 

'U-?J-4r^\-3 L£j' u^- U^J^LL C 

i Ja Ju>J I Cj I j 1_£ j.q is> ^yC. 5 >a LlI I 4 a h **- 1 1 e__< 1 jus . 1 1 l£!j Li uj JjlI j 

lLLL (_u_Jl JO^I t^jO^Vl 4 J^JLlJl L_Ot_I I ^jJi *_JJ _uJlj ^ J Jaajj^LlI 

CjVLtl,! 4_C.jJal.lj 5j _u£Lll L^jULolLj ^ 11 IjJij lLLUj Sj.^ tit 4jj_Li] I 

2 

Cj La I Ji itau_u V 1 ^joa Sj-jo^ 4j>- L_uoa till 4^a L <_u j ja LeJj I Jortjj . 4_Jlo^e_l 1 

Jo-os joi I J 1 V 1 ( __ T lc.j * 4 JlojfcJ. I 4_u*. jJ jj£jJ I Cj 1 Sj i L"< 1 1 j 

JIjj Laj tCr J^UI oj — HI J}U* o' J^> l£j' 

4 a 2 _ui_>J I Cj I 3 JL 2 JI LIjLllu Jya HI i_u_L_u 4.C. j_-ao?e_i,l 0 Jafc LT ic. 1 I Jufc Loa jj 


_}l_4-C. JlAJ ^^yollj t LAj-lC. J ^j_uLua_Ilj ^ja (_uaC.LI.lj ^joaaajJVl (-iloLa-u Jooa 

0S-& i A I 0 T 1 Co Jy>- i^l-C. 4_>- J_3 CjL£jJ,Ij £L JJ I J ts^t 1 1 J CjljaLLsJI 4 C-LLoS 

. HijjJ.1 J 3j_HI j HiLUL ^JoaJj 4oi_u2- > - I _}l jaa Cj l_£. L_as_I I 


4-tSLc4 tj_cudJ t 4l jH 

Juo_ul£Vl Jooa 1 4__j^Loa I j_j i_uJI jl jJJ o|^ iHajJ-HI _il ji.1 Jya ^jJao_JJ]l ^1-C. 

4 ^( ^>4 jljoa ^ 4 Nitrides oljupoillj * Carbides oljiajjiJIj * Oxides 
* J_j£ (iHI j aJ! jl ojiHLI _il jlaJ uul (jji_J V Brittle Materials 

3j - L<J l Js I 4_j£!_u l£L_I, I 3 ~>^ll (j - 4 ^ Jk-H L^^toaal Jya ^C.jJI ‘-H Ijj 

^La^>-I 4oajl_Joa ^ If. L^jjJl^j t L^J Hai'dlieSS (^11 ^LJjjI J iioa 

2 

H^ajlJLa (^Jloj i_dJj^ t4_^>-jL>JI 1 Li uj I 4jjJuJJ ^JoSLjuJ CjLI_^j>Jj 

VI HI j^ i_u_) jL^Jj uLaJuJaJI cjLL^Ij Jl <a_>. I ol_>o 4 Hl _4 Strength 

c. Lai L 4 ] (jJsjataJ ^yjJI CjI jL^jvVl j«u£ j_uSj J j_Jj lja>- 4 _jJLc. ^a£ J Lc. 

JS La] I Jaa I j_*J 4oJ L*J I L^ooa j 1 7)4 i 4aSa_c lj_u_uJ I _i I jj. I ^JLHa J I J-A . Ja_i ifual I 

jljJLl ^ HlHI oi - Erosion Jlj Corrosion U <-HL 

j-HH I I Jafc o I ^ — II La 4> j_j — Jj I o I Jjlj . I Ij (^j Ij-^-I I J — I 
tSjoa^ oL_>-I 3j_aa Juu Jj (Cj VI >JI J£” LloC. Jou V J JoaDjoJI 
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I jjlJ I 4_C. L 'uu2 ^£1 4_j^_4_o Ij_u_uJ I _} I jl I c SjL yl 4 S is\ 1 1 H_1j ^JjtS i_uj 

^1 lL — lmj ( yji » Ljj. I I j 3j!j^>JI JLSSjI c_<j^>o j — 1! 

^JjjVI (Jic<5 .ilji,! HiSJ 4 llLaVl Ju JuC. HLakj . 4_J I i_L i_uj 


<-jj-L_J1 4-C.Ll^ ^^^3 4JL>JjJI _}1 j Llj t^j-u^Lc^ ijSIIj (j c 4 j 2. j-ui.1 

. l^>J ^ ‘ 3 J) L I I Hi Li I ^3 ^ Ju3tS_<_uJ, 1 


(Jj>. JlJ C1x-l>. i 4jj) I jl j il ^]\ 3l L-lI I da> CjI^-LLII c_< <_uS_u 

6-° Ur— Ur$ L^u-Uj UjS-o Uii^- 1 ' J-^C- 

4 J»J I L 1 1 jl^JJ jl t 1 JLL& 4 (jl <_u_lVl ^£L-J <^1 jlj-LI His yCt S^Jl»IL« 


t oj. g rn cj Ij-J-lI 1 jl ^3 (J-L- 5 -LI Utl j H_P_cu>LlII j ^j^LLil * i-H- 4 

cJ T o>l Ju9j .SJoJlC.j 4 S 1" -re-4 Cj VLe_« ^^3 L^jI S j iLm $c. ^^1 Ij_L_i HJSj 
_i I ji, I 4.HL3 (j, 3 Ij-uaS-a Ll3 j_a ^ ts> Li I (jj-SJ I l_S l^u . I a JlIa Cj \j LLI I 

J> 

4j7cS_Lil -iljJ.1 j^l 4 — uL q^_SJ 1 jHljl CUst-i-us] 4_j — i_uJl1^JI 

4_L« ^JLJI ^Li! ^JLj II t < 1 II tjr ic. HJS ijr 3 4 ^j_SIu3 t^JUJl <_u_o 

. Lj_Llxi ( j_L jLLc l-a-l^ jj jLi- 4 C y* a^HI 

HJj yQ 1 j J 1 l " [j L 1 4-uSa Li I lu.4>J I Cj I jJ <_a] I JMHj 

HjTlcuJJ . yLLUJt I ^jj Ij (jH-Lui ^_ lI I i C ’\ 1^"( l_ui, I C. t? » <~ilj 4_Sj Cjj L>» J I ^i I 

LHJ L^lAjL ^ol y>-j cjLLuo Sjlc. 4_«Lc. Cj Ij LLJI 

jl ^i.1 I iS^jI juuj . aiLilj Qj^—II 4 a~>-j i(jr i j^LII _jl ^11^ Sjl^ Hi 

. lju-HL (J^QJI 4 _c jLS_« I3_l<u 4_u_u J lI^JI 

4_u_d J_L^J I jl ji.1 ^--}-^V l3jHS Cj Ij-Hl-l! I (jl i^^jJI i yC. 

jlitj _iLLj V Clx-uv t4-C.j-ui»l CjVLtiL L^jI S j i Lj 4jl3j ^1 i_ujI { ^j->-'$\ 

i( JLiLVI c_<jlIj iC_jLuilj 4 i^i VI 4-C.i-L^ i_uj 

cL S^ cjLv^LiiJ oLLLjj t 4-xj Ll<m£LI I jl ji.lj ^Li.1 <JLo ^Jil j-HI ^J_Sj c_-c-uLIj 

4_C. Lu-£3 JlS ^^3 Hi j£ t 4_^_jlL V I cLS^>> Cj I 4 c. Ll i 4 ^ x lo V I 

S^jvI J^L-Aj tL^ljjl j cjL^jJLI Jiid ^jJwVl cj! ^ciuil {ja JljJljlII 

. 4 S ^>UI cjL_uJl*JIj l_SjI^JI 
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jlbyli uJl j* ■. <i$ii 


jl ^JLl ^ i_u1 Liiaji Lfek J 3 IL 2 JJ — Composites cj! j ml: 

^jil! 4 j jl^II jjji aH!l dit - Composite Materials a .jdill 

- si 

ji 3 jL<3 4 4_Ll*_ 4 4_L4-2t^ j! 4_UjJ t— < 1 -oJ a^Lual ^ H_u 

/\ Ji\ SjLa * Reinforcement Materials 2 u£.IjJI jIjIL. ^ ^ 

' * 

1 1 1 jaJL>» <-_Jl-3JI 3.il_4 £-a jJI jl j 11 dalitj 4 Matrix c_Jl-3JI 3_il a 

jljJtl ^ Lt-g-'V I 1 4 i_u3l_2t3_4 4_l£1^3_4 ^J-C. Jj Q -Q-L*3J 1-4-4 

Lj_>J Li ^U33 (j I 4-4-C. I JlI I _} I jJ. I j Lujv I JajTuIuJj 4 LjJ 13-4 Liujjj 4_4-£. I jJ I 

(J-uL 1 -uVl 3^1-4 £-4 j! q ! aju £_4 l ^ 1 J^L£j 4 J_4l£LII 

♦ ^L^ill gTui.1 4j_i^_aJI 4 j j. / ^1 < > 1 1 Lgj 

^y =>\ 4 jdj^ll t? -L^j 4 _i^Ij 3J,I jl ji.1 ^L3 jI ^j-4 1 — SJl^JI jj Li3jj 

• 1-4-! 4 JL- 0 LIL 4 ^3 dll 3t,Oj CjI_4 UJ 4_bLjol J I L-JL3JI 3jl_4 ^1 4_LJ_*_4 

^j_4 lLs! lollj 4 lLs1 l~\ XI (jr Jt cj I j Lt-t-u-I I jLLsV 4 j^SJLI 4_u_u_ujJ! 3jU,I 4(Jliill ^Jj-u-u 

4 jo Ijjuia] I (^J_4 1 ^ Jl3c I 4J j^m 1 ^ < f. 4-3j^_*_l 1 Cj 1^-4 -LlI I 

oijLLs^i ojjt ^_u-£^j lLs! mi 1 3 io^j (ji ^ 3 to m (j — 4 i jj 

4 3 tlo i—sLJaj I jJ 1 4_t£^_t! j-x ljj 4- o T 4-Lutll dsjjuJaJI ^j_4 jJl*J ijr^j *33 

s' 

1-4-4 lA Jlit3_<_4ill Jol lo II ^4-jdJuJ l_d_4-4-4iil ^JL-djJ! C-xLuaJI cil^L-u! ^j-4 4^J Lju3-4 

♦ Jlit3-<-uVl ^i-ol L^i ^ySjJUJ 43_4jL3_4 

* «. * 

Jj-ol i-uVl 3^1-4 — <-<J T C_JLj 3 ^j-4 4-3JJJ.I 431 1_U^>JI 4-t^ 1^3-4 Juuj 

s 

J uj jl J-4J 4i_LaJjJI J3-4 4_4£.l JlII ^1 ^-1.1 (j-4 4 3 1" -Tt-4 ^ ^1 <^U — 

J.Q <3>? ^j-4 t 3_} -Lft3_4 CjL^Ll^Ij 4 J-4 JI 4 4-J dLi:lj-3Jl j CjI j 5C-3J1 

J_JU JaJjJI (jl f^yC. . t jl_4_4jjVl ^311 4^1jlUl -^Ij^l 

4>UJ CjULQ. <<iVl 4_4jl_3_4 ^4_t3 (jy3! l£^3t! C — i -‘-4 <-uVl ^4 4_LaJL>-j 43 ^Lj3sI 

♦ OJJVLULA 4 3 t.j~\ \ Lcu-lXI L 4 ] ^j£>jJUl± ^3]1 <. lo » II 
4_L>-1 jJl CjLi^ 1^3X1 ^^3jj J-A 4 jl ^JLl ^j_4 4.13J! lLULl! cr^J - J_LlJ J1 it_4 

Carbon q^j^SLII t-JaLjJT <— a 1 < 3^3 o js>- 4 4_ul ^ 3JI j 4 jj_>JI cjLi£j_1I 4 c. l_Lus 

4x.Lu-£3 4.4 Jl^c 3 i_4jJ,l 4 j^_L3J1 ^^jjLLuJIj ^^_u-4^iVl (-d3Li lm ^ij Fibers 

s 

l 33 \ 4>i3 -L£j 4 4 3 13 3e-4 4 -L4jsejv t_< ljj3j l1U3j 4CjLi^jJ,1 j>JlA J^Lukj i_uj>- ! 


61 


£dUt 


3J3 J (j A i_u_>U (jr ic CJ Lb Lo V I 0 JJt (J- 4 -JUJ . (j I <_J b LjX I £_4 ^30- I J 1 3~4 

3X^0- 3-4 L^Hj L333 3-° ^ ‘-u * 1 3 j La 3a 4J3L2XI 4 ^-u i_uJJ 4 _j£LjL£LjXI 

4 _uLu _4 33I30- 0I0-3J JlIc 4 3 lH **• 1 1 4 jj_>J I 1X23 juoU 1 ^ <^jju Jibe jLj^jVI 

4 bl <<^11 jl 3H dilj 3 1 3XI 4 bLoVL i^3>-jL>JI »1 ^ a 1 L LpMo - j aLul 3 s 

3b l_AJ)3>.3 SjIlS (J^L>- Iju^J! Juo 4 ^-LLt-uJ I 4 _ 43 l_ 3_4 3 jLj 3XC J- 4 -ftJ 

.dilj_u_uJI 34 3-£2 Ji_lI 3! 33^ <"i 3 Jl*X 3 jl_c Ju_ 4 J i 4 _u_ulb 4J303 4 _L_u i—bjjJo 

4-4 1 IdXtt 4tjXt 

4Ti_L4_ < _aj ^Ll ^JLLaaol La 33-0- VI 4 _jjV! 3b Ll*_4L_u_ 4 (jyX^. JJpj La 

(3), 


3 P L^jLo-u- ^j 3—^3 t w; Advanced Materials 4 _ 4 Jl 3 iX 1 jIj LL 

jl 3XI &J-& Aljotli i_ul t t£l 3IU3 . ^ ^ 4 .C. 3_uX 1 4 j 1 Io II3 4 _tC. 1 < xoXl CjVI seXl 

33 - 4 J I c 3 x^all 1 4 J L 4 L^ uluj 3 ILI I 4_o- 3 J 3 -tfaLJ I 3 4jj Lo_>J I 3j 3 Li 1 1 £_4 

— LlLiit_-a 33 ^! J b 3 — 3 -* tld 3 _<jLb t4J^ I -L& 34 3 C 3 JI 3 X ^:3 . 3 . >s 1 t l 

Liilb 3 4 Lu3^L&3 LoLLlO^ 1 3tXl 3J^3 j 3 ^-LOol 4_4 Jl3I<XI 4 13 X I £C. 1 Ll 4 3 L 1 

J> 

S3J 3 H SpLail 3 3 3 JlJ Jl_>J I 4I3XI 34 ^TuXi JJ *X 1 cLaloe-io 3XI I3 Laj 


4-4 J> 3" 1 1 _}1 3 XI 4_3jLLs (jLb t 4 _l 

(5) 


tfal! 4I3VI £yC. I J_ jjlj 3 La 3 4 f ~3 ♦ 4 -uJa IX I 

Advanced Composite Materials 4 cJlZUI 4_^l IpU! JI3XI J-4 ^ 

( 6 ), 


<-J b^ju t 3 j3-LuX 1 3 X ^3 

(7) 


Glasses Metallic J-U-3JI3 
Aljiitli-ul J^L^3 j^3 c K ' J Amorphous Materials ^b^Vl 3XI ^u-uL 

3^1 3 _d» ! ^ 1 L» 4 da 4013X1 ^Xl j3_j 4 _ 4 Jl 3 IX! -il 3-LI ^ llo ^ 4 

l_34^>d gjj La 3L1 j lo. ^pjl Nanomaterials 4J3XU]! jljXI 3^3 !j^_jju>L 

4 j ! jo- ^ 3_4 3C3J I pLc. Lii! J3 4 4.4 jl 3 iX 1 j 1 3X I 4 _<u Lb 3 3 1 jlooX I 3 1£!_4 pUrtUX 

Cj JocHj i__b 3^3 . 3J3 Xu.* 1 1 33J2J I 3.4 CjLj_Lulj i_uX! 4 jI Ju L^o-Lul ^c-JjL 

4_uLp3 jl 3XI oj & 4_j3_a 3^. 4_jLSLII ! Jl 4 > 34 4 1 1 311 P3 ^ 4? J! ^ 

^JlLi_<o! La 3XI cjj! 3IJXI 3 jP I3-X ! 4 _o- 3X 3-tSLJl Lpl 3 j 1 lo^3 1 ^jlr. P3 io_>J 1 

.3JLXI Lo-3J3_<£1j 3-A3 43J3-XUJ1XI3 ^jlodl 33 - 3 X 1 3 j 3 jj 4 Tt-L 4 -<-u 3 


* * * 


62 


oLJl 

jjUII 

jtvttijiajijtv.ti ja \ 


white 


5 




<L ^' J* o' ^ lX>' — ur> dP' 

(jr ic 1^]>L>. (j 4 Lulls 3j J jUlJS <LL>*J (_7 9 

it_jLn^J! « ^JjVl v4JI (Jj <-^ 

3jU,l al, ^.a .-uLaJI jj ts~ 1 1 ( jr ic. Hsjjuj 

O-L^il ^ jJI «aSLII 4 jj_Laj)> CjI (ij 

j! JlSU I JljIj »lx-l«-I' 4 JjJLlC 

^.Ljj-uLlI ^^Luaj ji£^l Wo. 3 juJlc Ljjj^ 


'I i j I LjIjj . 4 gjl ^11 4 jjuAnnJI 

liIIj 4_j (_j^Lnilj ^LjJjlII 

tciJIju! 4_JjVl ^-taJ-ll 

t3jujL>- 4_ajLjj_L£ j_aI J-Ls J.J < ndi (j-C 3jj>-Lc. 


CjLjI^J J-UU (jLj jLaJ^U 4JJI <_u (jl Jild 

4_jL*_uoj 4jLj JlJ>o *L>.|jjj uujlII (jjJLil 


£j)j_} jJ_4 t 4 ^JLlJI CjLi J . SJuJl^JI 

tj ^yj] ^JLLajJ t^jj-cu-«JI ^jjJLJI 
4_jSLu_u^l£LII 4_oV j_dJl (ji 1 


o£J' ln_ A ^ ^er— “ J^» 

4_t-o l^i-j fiCLcJ^ ‘ ^ 1 j^xuij 

cj! j-Ju^sj J — aljx. ^jJLc c Lu 

CjIj jJI C_t-Uj3 L$_Lu ‘SjLC. 

sLjuI (_^u_jjL<Ldj 3sl U 

« L^jLt-LLTwJ 3j)l_U 
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j lj. r t \c. j j. r^c. (j-ujJijl ^L^JjlI! cjIjL^Io-I 

^L^-t-uI i^yu^i-uj 4 4_ul_4i j ^JLjlJI ^Ljvj (^ui^l_4 e-c-jitJ 

.^LjT 3Jl*j 4 i tta's 4-LcoJI *L$1 j! ciJJiij 4«^SJI 4jj_Lkj» 

4j^ 4 ? i » 1 1 ^jLlJa-u Tjl&al l ^^ .l ^Tl>- jj)^ lo II 4-jj, lo <11 <?Jl& C.<_l1j 

L?ejj_4 dll J lj c L^J! CdsLdalj \$'‘A ui>l^ 4«3 JljIjJI 4_u i_uJj|)) 4ltJ^ lo ^ 

£ L) \_ull! ^J-C» 4.3 \_*-i LLlLq 1 lSIs-Lq a Lii (_ul£ L^-u-gj Oj 1 Lla.Ic 

" \ \ • -* ** • ** -> 

jjLlII Lo* jJ J ^JLc Ja_pe_4 J^e_u ^jl Lll (jH U, ^J-*-I! ! uC& V 4«4!bJiJ*«J! 

5i jlliSLII Ijla 4 i>i^n Jlji_<_uI l_4^ tB^STui.1 L^jI^lLljj 

Cl; La- a ts> j_xe 4_*_4 (j! ^ 3 4 — .ulj ^ ^jLSJI (j!il — j £)! Jj! *<jV!j 

i 4 _jj_i LJ! _} ! ^1 I 4 ^le l_*_4 LjbjjLJul 4 c_j L£LJ I (j— ^ HI I k_j LJ I <J j u^£> 

. ^C. 1 < 4^1 I lj ^-LJj-JfcHl I ^Lj^Tu.U-1, 1 ^ylc. L&J.J 4^1 ^>Q 4 Jtf 4 I I _5»> !_$ 


iW)j 4UjjLJ< uJuJu^j 

Metals Cjlj Ld! (JiLa 4 4 j j j 1 4?" 1 1 dj 1! £- ol J3-H1! ^-j-Lu i_uj 

Ajl*\ Ij-u-Jlj 4 Glass ^L>.jJIj 4 Semiconductors 4 >Lnij 

4 . 4 jiitj tJLl 4 -JjVl oUUJI 4 JJ-Uj Jut3 iPolymers ol j j Ceramic 

jljll c IillbfcJj I Ju£ .^4_ujjl_j ^lj-4^ 4 j^I1_4 jjLj ^L»jI dilli cjr^ 

fa * 



4 4 _jjjLlII 


(cjLjI j) U < jj \ j c-t-ulji 4Cu-A (jrlc. jl 4 Nano layers 4 j^jLj j 4_j He I 

^ 4 Nanorods ji Nanowires cd>L_ui jl 4 Nanotubes 

L$e! jjl L ^. 4j^14^j1jJI jIjI! .Nanoparticles oLu> 


dilii 4 j J ulelll 4 1 jJ.1 ^je L&j-bCJ SjojH 4 _j£LjjH_u3 j 4_uLj^_j^ 4 4_uljj»j-3 ^_ys \ j ^e_j 

^1_Lj jHtJvI 4 Ij-H-J 4 j^jI_LII jJ,l (jl O j> j . 3j_u£LJI CjI i_j_i_>JI 

tjyl Le ^j.4i£L«-Lj 4-4 jHI1_4 j-5c_j 4 ^ W 1,1 jljJ.1 4 ?JlA ^Tt_4~a (jl 2 43 JuJlj>JI CjUtlils' 

/^-4-i V (^3 1 4_H Ca> 4 4 » J 4 4 ^i" ^uJ HI! ^l^ll! 3c 1 

. 4-j J J 1 4?" 1 1 jJs! CjL?cI4_L4 

L^lisHLej 4 jjjLlI ! j! ji.1 4 4 ? 1" V 1 1 ^-jV! ^ 1 — 5) (J^- 4 - 4 ^ '* !jj 

o! « << 3 4jJ^Hia]! * (X 4 Y 4Z^ 4_4jHHI! ^!^_el! cjLj^i1j_u_4 ^J! 4-l4-u_lILi 

: Lr^ 4-H-g-Oj d)Le J_4^?e-4 4 jjjLlI! j! jl! c 4 ? I 
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Z 


A 



(3- JL>o 4 a, W >d. I (tj_ujj :(1 - 5) JiLiJ! 

t'MMjU ,,.! ^ jLxjVI 4_)4l_>.|) 4_)jjlj >"il 7) , U jj JjJlJij ( }) '-^^3 • ^-Lc. 

/ ^ (^UjV) 4_Lj^tj) CjL_lj^>. ^jLjljVI 4_j_jL1j) 4_u^jlj lxuDI 3 ] 

-L>J jJ3j j! jX\ ^-.l^v. l I oJJb Cl> ij ^_2j : -iLxjVI ^L>|2b£jLJI .al^i.1 • 

1 jUjFlTfcJ L^-l-uJ (« |» 1 — 5) JSljJl .^1>3JjLj 100 3-^- LajLsuI (J_U_uL<Lc 

dil!i (j^LSj 4 aj4j 4 j^_La i_u_a 4 4? 1I0 4ILlA ^-^3 4j3JI 4? -LA 4-Lul! 

£)1 lLs^TlcuJ V 4jl ^JSLcuJI i^yA t . Li (Z J^>JJ ^ If. ^ijJ! LA-LsU^ eiJ-^-i-u 

jl j-lLi 4-LaJl 4 ?JlA Ct-uuu LlA cj-°J t4_j^jlj ^_a_jjL4_4_i (X 4 Y) La I -Lsu ^JLaTu 

j! jJ. 1 4? -LA <4_llLo T j . ^ lo 47°i Jl>.I j (^jjIj -Lsu L^J (jyjJ! (3^) -^LsuVl 4jjL^I 4 j^jI_LJI 

JL^i 4 j^jL<J! jI jII Ji* Thin Layers 4 j M.r.Vl jI^LsjJ! Uj£j U£ 

*}Lk ^ , ,m ^1 Jiu£ iSurface Nanocoating *J$\ 

4 flj4j ^Vl tilij j! 4 1-LuaJLj ^_yd L$1jU^ ^yS^JU 4j^JLi]I CjLfcllil 

cjjJuJ! tjyi L^iijl3j (-_s jl^j 4_ul jJlII cAseHJLI <■ 4? j U" 4-q jl^cH (_4ti,l Thin Films 
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a j> 

(jjS-liuJI jSUaj (Jlua 4 a 1" •^Js I I 0l_j_tl»l il j-4 JpLfij £_Lu^j 1 ill j£ . c a\"t \\ j 

(J-uklj 4 _uLj^ (1-5) (JjJioJI ij\ ojj . 4_j (-u-^-tTui I Lj^L>JI 4_cl_u-o 1 

4_j_aI_4 j l ^jLlII ^^o.jLo-J I 4j*- V\ 1 a c^LLs 4_HHidl CjI 3j iIo"U 


. CJJj L-<-<-uLu-J <Xsr lo < <1 L^-ju I ^oIjJkJI 

Cj\ > P-C T I 4_t£!^2, ^X\ -gVi <ti :( 1 — 5) 

.^jLJI JjJliij-j 4J Mia Jjjpa dJjj i4_<a_LL>iil 



1^.12 Lol 4_aj \ t— >t, 1 
,,,y 1 * ^Ua jjlj ^imi «4> 

iLs^jlJJI ^I^XLj 

^jLlII J^QJI {ja cj!jl*1I j cjLl^UI $.1^0. 1 4_il_4_2». 
4-LtU' jl ^JU ^ ta ( nl 4 jL^>- Sjhj tcJlSiJcwVl (j-^- 

. >— 1 Liu V 1 j 4 -lC.I 1 1 ^ 1 11 VI tCjlj. 43 .I til t JiLa 

( _ r 3 : (__yol JO- • 

4_ajL3_a (jr £ 4^Lj t^Tull 3^Vl*-^ 

. (_yj~y V 1 1 < < 1 VI 

£jj4 L^HjLjo-j CjI seUlXl ^la uuV ^^yjl 2 <_4 tlaJj 

j J_2> /jLb 1 J 1 . 1 jl^ ^ , ojc. jJlj j L l»J 1 lojJI 

3 cu^flVl 4_^t i_uj| 4_liaJU ^JlscH cuJ jl j U 

.4_5jfcLUI CjLiLLJI ^lo-j £jJrn uj 

la , 11 4_)l_4J5C_) 4 3l»" 43 ( j r £>\ ® 

. ^ 1 ' ^s**( tV 1 6 JUI ^ya Cj 1-aiLtll 

I^ya CjljjVlj (J-ULiuTJ 1 CjLLj^Ljj Cj VVI (■ ljj>. ! 4 _iLs->- 

CjLxjjjCJI ^Ja i_ul 4 jLj->- 1 1 -LuaJI ^j-C. ^jLill J^QJI 

jJjjJI t (J- ljl J uTi 1 \ 4_430.UI SjljoJI ^ya Cj L£^_>J. 1 j 

.CjLjL&jJI Jjjjia Cj L iu-Lt 1 j CjLjLu-U 

: 4_uLla_j^j 4jjI jo. ^oljo- • 
t^jl^oJI J>]| iSjljoJI 4 _xjjL2lxj 
. 1 J_X-aJI ^yC. ^jLlil (J^llll 4_<JjL3_43 

£23 j 1 32 4 J t 1 3^ $j>- VI £tla uj] 

4oe uujIj (J3Ij i_uJ 4_o» jJj-uil L^ILa^M-* 

4_l>-I^_>JI CjI^jVI ^tla uul 

CjI uj a \ 1 I^ILajL5-a 4 j^_uSUI CjI^jJII 

• CjIjjVI tiJJj ^j)ta 1 .n l^al is-\~t 11 CjLjjj^LjIIj 

4_43<-VHI • 4_o- jJ ^_U (_y=>\ 30- • 
.^jJl*JI CjI Jil ts~i a i 4_p- 1 

4 t?j4jJl ,,.Vl CjI j (Jjl j *H jl 4 c. Lu-a 

L7 lc. S^jJil f .\ — Jj — C. 4_ajidi — lojIIj 1 Jo. 

I^Js V 1 j jJI CjLjLu t C j I j^Tu-o^-i I^ILI 1 

.CjLjLuJI ■ tA» 3-s- 4-djjcTu.aJU 4 .1 <^stl 

1 4 « . >« 1 L— » l_Li_a^ 4_uj^ ^ jf"*- ® 

CjI jJ ji.1 4_ajL3-<3 i^yJj-^UI ^JJjlJI 

. 4 1 , 1 ttl /• t, 1 

CjI jl iJo 4 -q JaeTt-cul 1 4 j .^if. VI j 4 3 j4jJ 1 4 3 1 f . V 1 

diLiLUl ^_La i_o 1 4 <7 1 to 1 1^ ^uISLaj^II 

4_< LU-O-JuJ 1 LVli»Jl 4-C.I ( 1^3 4 La^-IX. j CjI 1 _U JjJIj 

. 4 1 ^^jj-dJl LiVl-^>Jlj 

CjI 21 4^~i 43 : 4_jj_toj ^yol^o. • 

- <>»tl jjjjl^JuVI 
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4 JL 2 JI 0J-& 4_C. J_<aJ?e_4 ^ 3 <_Ljj djJ : -il_JLJ V ! 4 _<JLLj 4-J^jlU ! jljll • 

Juuj 100 £j£L Lfc^Lu I i^yA ^jJJlJU ^jjj 1 J _1« J-3j £) I 4jJ_)LJI jl J U 

V Jlill Joxcu L$_u$ (Nanotubes) l^JLjl oL! ^Vl jl c-^jLVI 

AjpLUl c^LJVlj .(Carbon Nanotubes) 4 j^Ll]I s-^jLI 

ciJJbJ 4 _^ .(Nano.wires) 4 j^LJI <_d}L_uVl dJJj£j (Nanofibers) 
La-<_uj (jlaj-aa ^ jJ I .(«<__»)) 1 — 5 ) JSLiuJ 1 I LjJlj La 1 3 Ij . J I jJ, I ^yc 4lll 1 

(J^_aL>oVI (_^) iSj L ^ ^_<_uL_l<a 1) I Lal_3 .4 jjjL 4jIj 1^ i_uV 

(jl ^j-o ^JLc. Ij^-a .ji*j_iL 100 Ijl j)L> < „VI 5 jlc.Llj (X .Y 

cjLLa 3 jlc. ^1 j 1 *j Sk (Z I ^ < < > JJ 1 jl*_JI ) jl JXI o j-& Jl j-Lf 

. o Jl*j}j£LJL I j f cj Jl* j_j LJ ! tjyCi 

* 

cjL^I ,.^w<n j JJ_u£ cj! i_u!jj j 3 » n J^L>. (jr k c_J_>u I Sk j 

1 ^ 1 <i3 <1 ^U_>o ^ JT ll1 4 jjjLJ! lojjLjV 3JlJj-UI ijyS\ jj>JL J-LftTa 2 J_ 1 * 

i4_£ljJtJ,l ^_l£. 4_tl_u Ll_ji, J 4 _uLJ_l 1I I . 4_u Lua - ili 1 ^ya J !_}JlC. 

^1 J^j j^jJI .Tensile Stress juU! Strength l*jl_l« ^LUjLfT 

(J7 k ^UitjL L^jl1x-> £_* <■ . < L^a 11 ilLLu-uJ J U I 4_cjLLa 4_*j0 c 4jLj 

Js 1 1 L a_4 .l_LL-^JI lljL_<_u 4^L£ jljuLc ^jjjJu-u 4_iJLJ 1 L^li^ l*la 

c_-<_jjLI ^ lijl I Luj_C l^j ^Jj Cr^*" 3jLa 

Cj I u_J I 4 jjJLaj 4_<a-C. L c (j V 4 j^j LJ I (j j i 

L^IuajLLa VI . 4 _j£Lj l£LJ, I l ^ .^->1 

^JLc. 4_3jLaJI 3jJ 3JI (JlLo ,^^>-1 < ^>tj L^jI Li^ . jl x^jMJ 

kyAJ ♦ 3j_U4jJs I 4_U L-L^-tSLl I 1 ^ i^) 1 (jyl^ 4 I Jj i^> I 

LM_kil cjL^SLa ^_j_Lu^j 4jjjLJI dJM^Vlj u-t-uLVl i_ul 

jl_»_JaIL_uVl J 4_UJjItSLI V I CjL i_uL>J! LJJj 4-L<-u-4-JuJ I 

. 4 3j 4 jJ I 4 _uj^HSLI V I 

. jLuVl 4 _jj_jL Spheres cjLj^LII : ^LsljVi 4-gj^Li 4 -j^jLJI l • 
jljJLlj oIjiAil ( 3 -p.L^a .Nanoparticles 4 j^LJI oLu>JI Jit* 

{y* 41111 ^ jl^] Hid! .Ultrafine Powders 4 ojjdil 2L2 jL^ 4_x^_pal ^J1 

1)1 ^^yJ] l^-Il-J . jLljVI 4_xj^Lj 1 ^_s L_i C-1 ju ^lll .4 4^11 4 _j_>>jJ j_t£LJl jlj tl 
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i^ILajulu 100 (J_3j X t Y iZ 4 J>liJ| JjUJ.1 ^ lc. L&jLjljI ^_yi -uL3_4 

^j-c 4JL3JI o JlA (jl t^^jJlu ^u ju»JI * ( (< ^» 1 — 5) jJI o^-y^ j-A L^ 

^-l>.L-u-c a I CjLu-uv 4-Ll-A L:r k. tiul£l £ Ij i_u i jl*u Vl 4 _u^1u 4ujuLl! I jljJJ 

4u>» 4 ujjLl!I j! jJsl £jj& ^Lsdl ^LuVI 4_$uls jJu^L i 2Uaj_*_<JI 4_3 j 1_3 
4_j_>. I CjI 3j >t-"T< llj CjVL?cJ,I L^j L a 1 Jt3tlu_u I JJuu IjJau cilljj 
cjI_lj_i_>. i_u_a ^Ij i_uVLj (jVI ^_bl jii Jlill ^J_j_i i_u cr L*_s . 4 iuju>JI 

4_^l olj Nanoparticulate Metal Oxides cjIjJLUI ju J&3 4j^>L 

tj jfLtli.^ J I Jl_j i_u£7 (JlLo CjI^JLiJI Jlj i_ul£"j Ju C_<_u*. l 3^-L.t£~ 4-jJil /^i"°)l 


jlu u^i t Titania (Ti0 2 ) ju .Silica (Si0 2 ) 

Magnetite (Fe 30 4 ) : j^jl^JI ju til Ij£$ * Alumina (AI 2 O 3 ) 


^LiJI jlj^aj.ol j^j^JVI 4£.Ll^ La^ ^—2 Hematite (Fe 2 03 ) j 

3j-^>.VI j 4ujjVl 4 -C.Lli^ Li 4 til! j£j t^^UaJI j CjLj-JI 4 c.l_Lu£3j 

S^La^ £U3 j ^-&L.uTl! j 1 4_j Jl_Jl^HJI jl j_I,l Jut-o til! Ju ^JjrtH! . 4lu Ju>J I 4_j_tlaJI 

g. iJ y>^ 4j^jLl!I CuLlj_i_>J I £ya JjL^JI ^_tia->JI ljuk t to < ajj . Cj Lstltll I 3jjy~j 


till j^ j tCdTe juj^Lu a^ojISLII tiAL<-sajJt! 0 L *!< I diLS^-c cuLiu-c*. 

4_4 J lsz 3 (_ull 4 j^jLl!I j! 3 II 4 _$ul 9 Ij GaAs ^ju_JL*_JI CjI Lo-ujl_>- 

4_c. Lu-u ( jt £ i j 4 3j 4 jJI 4_ujju£L!Vl 3 j ^>-Vlj cliljjVl 4 -C.Ll/^u lJ7 ^ 

£.ljJill dlyl 3j ulLl I L^jLjI JUfcH I_ul ^yil 4_bl_i-U>V l_3 ljui> t4_J lu-^loJ I 

♦ J^Ij Drug Delivery 


i Nobel Metals 5^_>JI cj Ij^JLuJ I j uul_L»J 4 jjjLl!I cj 1u-u_>J I 4 lis juuj 

* Nanoparticles 4-uo^>JI 4u^i_L]l jl jll ^1 ^ jJI 0 ^»^ Vl Cr Li j 

Ju 4 4 j 1I0II Cul 1I0" II {jjG ^£1 L^j Lc I JtitIu_o I j 1 4 ^V tili jj 

tU_4 JutH i_ul J^j . ^ <_u_>JI »1 i^r. I t - jUl .uaj ( _ T l!l 4 _uLL>j <_uJI ^IjjVl 

DNA ^JjiJI cl_>JI J LxiV-i-u Ju Ju>u 4 jjjLl!I < ( AjJI CjL—U-ijv 

I l_>d I ^J_«_u^l_<_u juj_>u til! jl^j t ^ps^-tlu 4 lo i i^-l I Sequences 

I j jui Lfcjl£iL>-l ^Jl 4^LiaViu I jjt> .^jLauVI ^u-ar>» ^^1 cjI -ml! 

sy^j^VI cjIujSU 4_j i_uL_uVI jljll (ji^u (jV L^Iajj 3 ju^-ii] I >d! ^yc 


. 4^1 jJ I j 4 j 1 3"< 1 1 4 _jJLc. 4uj>- jJ^_uJ I i4jj_iua_JI 
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J_C^J 131 -4 

4 4 3 1" V 1 1 ^jLJ 1 _}1 jJ, <La J r,U CjI 3 j i LmI 1 LaLc. Lis 1 ^-jlTll-u I jjl Juu 

4-ujtXI SjJufclL 4Jj) ^4j <_j 1 USUI IjuA cJlill *_jLjJI 1 Jl_u (j ! <J 

LuLp. j_)LJ 1 L jj>» jJ jl £jJ SJljIjJIj 4-lL^jlH CjI 3j ilaHll aj |<uJ 3IL) 

dsL_ujVl £-_paJ>- LalL (Jl ^_t_u L*-o t_x_jj>o £) I Vjl cluij t4_j_d-*J! 

4 ^u^SLI ! j HI I ^-*->3 J) j 1 H j 1 a~t 1 1 <J Le_l 1 I J_A 4 I j jlC. 

jJLreJ La 4jj^?e_<_u Lt^ajtJ j_i 111 I L_>- jJ jl^j tlx <-u_jJ 

(jj. ic. ^ jJLj ^JjtjJj 3 j ^Jlc ^^^A Jj 4 4_jjL?eX.l till 3j t LaJ j CjI scllo l il 

! I j La j 4 J I j 1 1 ^ jlc. j $a Lj_ull I £ La-lc. Ill L^ls lx/j 4jj_Lsj tlu I j ^j_4j i_u 1 

L J) 3 f ■ l_L»_43 jl_4-J tijjj 4 jI (,£*3-11 (J-t-^l^lJsl <4^1.1 Jl^j>JI 1-LA ^jjJjuu 

. rtf' I ) 


^ z 3 al all 4 -^>Ll4x.4 

4^-jV 4aKJ1 2HLJ.1 - La Surface Area 4^1 ^ jui 

^yC. 4j^j Li I J I J 1 1 Lgj j-ualu 4 J i «o !_>. ^_A I — 4_jj>-j L>J 1 ^ < << *>J 1 ^_Ls i_u I 


4 4_u-£dL>J I 4 ? -LA 4j_}Jj jJI jJjJI tllljjVj . 4 jJ-JlHI I jl jJ.1 (j_a La^-lC. 
J1 j-Lsl (^^xijjlHa (_£jl lxiUj t_<Jt£La cl 4 j3~)l£ 4 * lo4 LujJ jj) 


t _ ;r iSLII C-tA^UI ^ 5CJ>- 4(( t j-o» 1 $J_43 (_uJ tix_p- 4 C.'^jus] 

diljj ^j_<at?e_l ^y-LLII JJljlII (jl a < Ij . ^(( I )) 2 — 5 ^JSLTuJI ^ ((^^jjj)) (^jLoiJ 
1 Jufc 4086 j_A t_<_*SLll 1-LA ^JSLlA l^»4l j_<a (_^tll 11 

Iji^J 4 _^>-jL>J 1 4l.4_4jJ 1 ^_La i_uVl (jy^£- CjIjJlII ^y-lSLIl ^JulII o^>- 

. i » 2 — 5 (JSLxiail) 3j j 1352 j_a t__<jtSLll 


l-£> ^_j^_<aJLI Jl>^1 ^J1 4j>. ^J1 4j>. 1 i_u_4 (jl^ 4 tls Lis 1^13 VI o JlA ji-Ll 

ljjj 4J ^_La lxjJU 4oKJ1 4j>. 1 Lxifl LL9^ ((~^yu)) 

j « ‘-(^j-u 6 » 4 j>.L_u _4 3ljj>-jJ,l clsljjJl JJlC. ( _ jr latJ 1-LA .«^j_u 6)) 

t-<-»5L<i-U ^ l^> < <i 11 4 j>-L_4j_c a-u-lI 1 ^JLJLj .3jj 1 352 




Jl) I CjL_*£La ^.iLiJ ^^,31 4luj_sclu Lua-S -Xl t_<_siSLll 1 -LA (jVl 
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4j^SeI<J! JlJwIjJI C-cJt£LU (jl -X->0 l__3j_<_u-3 («4_J)) 2 ~ 5 

LjjL_u-c Q^SLu-u CjLut£LU ijr iSLII ^j?e^>21 (jl-3 *«8 / ^ ^ yjj )) 

3 4 ^ ^ ~ 

= — — x8) (^1 (jjj ^ 4luJ^>o Jaja — *SJU ^*^>3 

ju cjIjjJLI 31 jjl*J! y-JCu ^jJLs 4 43l 2 Cx^jJI ^ 4 j 

(j^_jJ, I ^ (_a_ujJ 1 4_<_jt£Js I 1 ^1 is~t°) y L^3^>o c-<-^_5 I 4 4_u L23 I cj Lut£Ll I 

L^ i_4j_42J 4 aj2lL> 4 ]r) 3~ ^Jiij C1x-l>. 4^« l)> 2 — 5 ) cuil 

^juiA jJ I e__<_*£3.1 4 _jJ>_>o £) I Jl_u ♦ (oLut^La 4 _uLjj 4 a < a 3j2 4086 ^ 

iJj 4 < . 1 3 'i jJS! 3JI L^j 4 ^Lu ^Jl — <—_cJt^3J — 


4 4 Hj^j>o Juu i_.<_*S3a-U 4 jj>-jL>JI ^_La uj'$\ 4_>3 i_4i-c 3j-xa£ 3jLjj ® 

jl Jl2_4_j ^5c_>iJ! j < <1 11 4j>-L_4j_43 4_i_<_u_<J1 4_c32 c nr. I ^yc. y 3 « <ij 1 JJty 

6 * 48 2 4 __ „ , . 


-3Km? 


•X2 j Olji 

«Tji JS- Ojj| 
AjfjliM Jj\ 

4 j^u)I Jju 




iiJjfl ji a 43lil Ol ji 

jJa-'S!' 4*-j' 


Asj 'j£- Aaj ^«j 4_^5 n1' 

u*£# 64 


<ui yf- Am ^J' 
AjjL^ 4« OU^a 8 


(Hr) (^) 


( _ S ~~J ^ll <— «*£i' 
JJ 


6 


^JL_) i— utSLa uj La J_L2 ^j_4 4jtla£ ^ ,l-fv i p < "j :(^2 — 5) (JiL.4.aJI 

3ji 1352 l^Ji-aa 4^ji 4086 t_4JlSLll \JlA> .fjjj X ^ X <3^L_31J| ^j-y— ljLLo 

4J ujLJI ujLatSLlI (<-j) ^3-2 j5L-4iJI yjOj .aUjvjL>JI C< luJ I A ,„i 4_>- Jl>- JJ 

^yJSiJi L^-«j>i-'>» ^_JL_j 4_^L_4j^La ^ i 4__ujL«3 ^yJi ^ I ) ^—2 u_uiSU.I ^j_4l 

I q ~>t < ni ^4^>w4 ~4 <a ; °i ^ ' 4* L^-1SL? 4 ^ ( a j- u ) A—ujJh ^ . .'1 , ,iV | ^~>i 

^JLJI t_uiSLll ^-LjlJI jj_4 3ji 2388 Jl>-^3 41^jvj 48 jJLJI 4 _j^>-jL>JI 

c\-£>-y 384 ^4-^*4 ^ 4->5L<a J J 4 __j_>.jL>JI <nVi 4_>.jl -uIJJLjj Ll_a .3^3 4086 
j_}-\_>JI *("^) 64 . 4.1 y ijJI 4_4JiSLll 4J4 >o -Ljlj 4*1 ,T3j 43^3 3586 L-^-UL>o 

j_oLj p_ui vJLU4Sj — lxj ^ J_ca u_otS-U_j t_jlj4JU ^yJLS-J I I ljL_o 4 I^-v^ULj 

3 1 k_4 jtSLl I j-j Jluzj J-c. 4_4^v LU I Ci \j uLLl I 


4_^_2 >. 3r,l pj ,n^".Ti ( j_<» 4-i— Ju LJ I 3_u_u>Jl 4 jvjV| k _ y lc, 3j_4ll4J ! CjIjIlJI ^_ui 


a) 


I 44>»L_ui, I 
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^ , ..VI 3JLI cjIjJlII ^yi^LlI ^ jl»JI jl jlS_a 4_$_j^ 3j-u^ 3 jljj ® 

. 3j3 2388 48) 4 j>oI_<JI 4_uL 2<-1 I CjLmSJU 4 rvjV 4 _o*jL>JI 

Cj LtJkSLi, L> 3_}j :>»^2,l CjIjJlLI (_ylSLl1 *JI ^J_4^e_x3 ^__! £X-^* (jr^ ^ ^ 

,j 1 ^ ^ I c_<jk£Ll I 4jj_>o (J-j-3 4 jIc. cj l£ La_c. 3^^ 4 jj L23 I 


^lSLII jjl*JI ^yil cjLiaSLqJJ < nil cjIjJJI ^jlc <j-u 4 _j i_uJJI 

%33 — 100 X ^ ,j_a (“< 3f.l iJaj J ^ 4_uLoil < <_*£Lll Cj|jL>-flj CjI jJ U 

L-j-^aJ ^j_4 ^ >• (j t%58 — 100 X ^ II 

. 3 1 j_?eJ,l 4_uUiil cjLut£L^lI 4 _jj>-jL>JI ^ V\ <, uVl ^LU cjIj j 4 _<^_l3 
4-jjL^j ^\ 4_uU 1II oLut^LU £) c c_xa£L4 <J£L1 4j^3cHII <-ul ® 

JSLjJI) ^ II LufcLu-a Ll*£La 64 ^1^- (J -Lga^e J <—3j <_u CjLla£L« 

I ju^j . ( 4 >. j ! X 6 I jjt^-4 64 ) I &>•$ 3 84 ^ lc. ^ j il>o * (« i » 2 — 5 

J-Hj-uJ l_4_4 I I^> ( <,) V I 4j>» I (_uj, 4_3LaJ>-Vl 4 4j3ll C 3f. 1 jue3 ^_yJl ^JLllLj 

£ju$J 4 _jj>-jI_>J I ^_La t-uVI 3 gUI lL}1j3 c he. 1 xiaj (j C 

t-dJIu *3jj 3386 ^^l ^lSLII L&^jlc. J .uaj 3 ju J l_>J I cjLut^LU 

cjL^_j i_uj>. (Jj>-Ij 3jijj>-jJ,I cjljjJJ ^yl^LII »JI %88 

.(Sji 4086 )^Lut£2l 



Lc. ^yjjijGSU Vl _i^LJ I i_j^SGu^^SLtl I '4 1-> ,,.l^ < ^ 3 — 5 j ^SLgJI 

4-l. L ^jl^ jj Lb _lL£ ujGSLJI l_ui> >. h T 4_}jjUJ! 4 ,isi 4.TI 

JjG>a^jLj 35 ^_>o (0 jLLa^l J5LGJ1 j . 4 <r?.n->» a 


(2) 


(tj) iLG-xJI 4JL>. 5 3->o 4 ^ 4 T I p-Li) ^JLlj LG-o 
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4_3j 1 (_uJI 3 j. 3 3 H (jr ^ 3jj' jJ' L_-t*SLI,' j-JJU-aJ J 3 jSL^ jV' j 2 »-LiJj 

jj-t-a (jA (^ujj_t-a ^_t3ajj jJI (3 — 5) <JS — JuJI ^J] j L h (j^>- L$-i J tfuj Tu -uJ 

4_u jj L cj L i-i-u>J ' cjLLlc. ^ja jO-LutJ 4ljj| ^JLc. ^jjjaSLT^' LlsLJ' c_j jSLlajjSLJJ 

4-lL^-c i_3jjia Cj_>i_i 4_uL_<mSLJ' (Jj-IaJ' JiitIL<_ol_3 La-Aj-u3aj>u ^v-i 4 3 1' jLLiJ 


(J 4 /.o 3" CjL 

t 'j3_4jjL 35 j^sj UjLk^T cL t <jiL<a £_L 


j! (« I)) 3 — 5) <J£! jJI Jaa-M^ ♦ 


(3), 


m> j u±C. ^yA (J^l l-A.}' -LC T 

J_t-aLa- 4 CjLu_oJ' L$j 3jja-ji,' 3 jj is~i\\ 4 3ta 'i a 4j>.L_u_ 4 j 4_pr L , << 4j>-L_u_ 4 ^Jliao 

j_3s_j j_Lu ^Cj'j3Lc jjL 4. 1 ) L^_uaj_c (cj'j3_4 jjL 3.7 ^ 3jj) H ^Jjla < {j- t3a 

4aLa Ju^j La 1^ mfl'i 4jx1 (_uJ,l JlL>iJ £y ^>- '-LA . Lt_j-<a 'jJLcjjL 948 1 

j_A l_4^ tCj'jlLcjjL 5 < JT lc LAjI L>4l tL t <t £ja Juja V 1 ^ <S I 14 < n3\ jLL3J' j_4 4 _i_l-uv 


Jl*_l!' '-LA 4_jjJl1I' 4jjjLl!' CjL_uj>J' jVj . («c_J» 3 — 5) (JSLiuJ' 

^ylc. 3j3 30 ^j-4 l_)j-3j La tjr lc. (^_£jIL>iJ tCj'jluajjL 5 4_ 1 _uLl 9 <J jla (^Juuj V ^ jJ' 
Cj'j3 j_4 3j3 3000 ^j-c jaSl jLj <Jj-3J' ( h \ (-djjj LjI_ 3 t4_ti>.jL>J' l^*a- la < J 

<__3jISL 1!' ' -LA c-<-u-aJj . 3^-JLuaJ' 4 j *a- la , n" 4 jv. 1 <_u_l,' <?JlA -L>. jj 4 *3a 3 " jLLb 

(jr 3 'j-jjuj i4_LLiuj 4"ij'r.L^ 3 J tio (jr £ 4_ua'jJ 3jLj j-ua-uJ' Cj'j 3 ^j-c ^j-L*J' 

LaLa_a c_3ilbtj 3 Ju Jljw dJJ ju j-^ia_jJ 4 £LjL£LJ,'j 4_uLj_uiJ' 4_<-a' jj>. 

. 3j.-L.tSL!' 4 jL_U_>- L^J JlU ^LJ' 4_J JljJ_33J' Cj 1 t? 1 ' J ^yZ> ' JL>J' lIIL !^y£- 

^_Lu_o^' (j^C- Cj'jjJ' 4 _i i_uj jl 4_uj^_i £jLj J_J Jijj ' -LA 

iCa'jJLajjL 3 1 ^ i ujjliLa Cjjjuus ^^L-!' 4jjjLl!' J-j J->J ' L1j L i_u_>J 4 _o^jL>J' 

^ CjL_j_lj>JL Cj'jJlU t _ ;r lSL!' 4 Jl»J' ^JLaJN-j (j-<a %50 J^cj J uaj 

^j-u-uL^J.' 3j_j_tS C jL_u_>J' 4_1 Lv. ^£> t, L 3°l %5 4-u-uJj' t? J-A jjLtlu V (jL>* ' -LA 


. 'jlua jjL 30 J^e-> LajI j_u_uL3_o ^-Lu ^^^II!' j 1 


Sj>U' 




Surface ^_L — uj 3jU' cj'j 3 » 4^^L*J' (£ — o) JS — jJ' 


jUa^V 4^1 i^ jaxjjl-3-4 jJr. jjjl>J' ^LL cjL_i.li.-v Bulk Atoms c_^Jj t Atoms 
4 -cLl!' 4^^L*J' ^TuTu-uj ji lo" < . 1 ) ^_LajJ,' JSLjJI (j^sj .Particle Size cjL_u_>J' 

j-u-jj L3-4 (j-a^Lj £-A 4al j_j tliJ t4j^tjJ' lIs'j-jjuJ,' Lilij (ju Jajjj ^ l!' 

tOL_u_5tl! 4 _o-jL>J' ^Ja i_uV' 2 jU1 Cj'j 3 j' Ji£.l 4'j)jJ tCjLu-iaJ' jLlaS! 

. C-i Lu-iaj ' lLUj — l_J — l-JL3j Ca'jjJ' j'-)i£.! 4 _l£ ^j-a^LuJ (^Jl!' 
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ujlji > nu’) i^j\-i 4la_iljJI 2L3 ^\jiJI : (4 - 5) J5LujJI 

uLUj jUj! .u Surface Atoms 2 u».jL»ji ,„ vi 

-n i. <i n i -, t^ i-;.--; j< .t.n ^.(^vi Particle Size)ijL^»Ji 
Bulk Atoms uLu-^ji 01 jjdi !$->■ J 4-<— faoj j uLlulxJ ! ^LljI <jAJ ( la-)j3 

^-Ic, _u_l>J! c-tljj j 3->*5 4-<— faaj uj Lu<-oJ I jl t^°i i ^LxjI ^j-^aLLi 4j| ^ ■>»"■ ' 

3-u_l>» ' ujUlu^ 4_*JI tJJLUl 4 JlJLL>iXI l'MA .^T l k j^ u _>o Lj_« ^ t->,,,tl 

(4) 


i J_U G 4_Li_ 


4UjjLJI L >ai 

4jj_laj 4 LLGsj-G i_ul £j| 


CjljjJI ^IJlC. 1 t nr. 1 xialu c 3 j*sj 1 < <> T 4j>- 1 <_u-c 3jl_jj (j^ 4jjjLl!I _il 

I I Jl^ 3 £ j) I (jy-dJj < 3 j_«_u 4 Cj L t-t-i^e-U 4 _j_>.j L>J I ^_La uj *$ I liJUj ^1 

CjLj i_uj 4 jjjL<J I jl j-q.U 4 3 1~ **- U ^yc 4jj_dl ^ ic. 

•(JA 1 u- 3 (jii j«J JLnakj 


^1 jl j II jLtjl jjji^LZ-o 


ji^! 


4U5LulSLUl - 

i < ii Lq_l3 Li ) tld 


L&J-uaJj 3_}LU i jy=>\ 3_>- ^lc. c-jUcjVLj j3Jj JiLjuVI 4jjjL) u!iLlj_i_>. jjJ 

Gj . 4 i_uGj 1-LA-tSLl I L-utfi jGJ I L^J I 3j»Lb l_a \ 4 1 J_l I l_^nl_u_« c 
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^yz 3 Jl_l 33 i_uJs I ^_ys\ ^->J I i_dJj 4_$JjLj3 qjj Ij ^lc. 3 jLaJU 4 _j£!_uL^_JJ ^yz\ j >J I 

L^e-La-t-u 1 ^ ic. 3j>U! dlj 3 ^j-a 4_a3t_d jl JlC.1 CjLlj_l_>iJI jsuua 

jl ^-ali ^ ^ Hardness 3 j^L_<-^JI ^ j 4 i_u ♦ 4 _*_».jl_>iJI 

dLL^I ^ ^ Strength l_$3_ajl_3_a juj3 <-dJj£j L^jL <_uj 4jjJL3J1 

dLi-t-uv ^^^i-ulJLa j.y* ts~T\ ^yz l1U3j 4 1 ^ j 1 C. 4_*_£l jJI 4 3 !":*• U ^J1 aJV^I 

(7) 

. L^jIj j c_4_u^j 3jUI 

UjI Mr,<l ^1 <_uJ I _i I ji, I d Ll- 1-L->- ^_41_U l_3_a yi 9 i^i") _} 

jlj-* ^ j >.y V 4^5 ^ aj /**) Toughness 3 jllil ( j a I jL_jj_a 

JjS: .^.~ 1 1 L^LojLLoj Brittleness llLuiI j_, il 

^1 3_j_a! IjJI ill sijVI gJli o /^) Deformation 

dlj>L$jJ (J_aJ>OJ 1 1 1 gl ) LLq ^_j _0 £_£>jJ 4_t£L-p3 'j_u.uJ 1 _}l ji, I 

1 g < xi a I 1 y Lj i_uj _}! j_I*l cflij yA 3 Jlj ^I^_j I J^jA^cj 4 Impact ^ JdaJl 

l ^ a i (_^dc- 4_jJLjL3J ! j 4-jJL*JI 4_jL3_I,I 4 3 4-q (3r\_i a->J I 

jj) a 4_j_>-jl_>J I dl^l_^2w^U L$3_ajL3_a ^LojjIj 4 3jL 3JI 3_^^t i^U-a 

dl_i_t_u>. yy>- js j » 4 ^ 0 " ^j_a 4^ (jJLlA Lj JL9 j . 4 _lJL*JI 1 ^ aj4 ^1 a j 

iI^ILcjjIj 10 (jj-i L« 3 jUI 


( 11 ) 


dll3J! ^Lal 4-ig. lj. ls> a (^lC. c_jLlJI CjL^t-jVl (jJJj CLlS^l£i JJ2>j 

* s * 

4_c. C jV L^t_43 c 3 lo ^ i_44j 4 jj_jLlII jl jJ.1 {j-a 3 J j Jlj»J! 

4_jlnil j 3^^ 4_3 jI_b ^_3j>J I dl jjIj 3-il >d I j-lsl j 3 H 5e_« J ILc 

lIHj ^Jl t_uj till .4 ?LiI!j jLjI j. 4? 4_cJufc3 i_u_tl 

4_d^_*_l, I ^_La i_uVl 4 _J^Jlj ^JL?c_<i dLt_j_tj>JI 


Jl_uj^^ ^ ^ jjLLjIII Jl_u^£” CjLl_j_u>. ^Ji 3 t 




crl^ 


. (13) 

4-<a J u^T(-«-4j-U j-3j>J!j j_i2_3JI dljjlj JJljlJI l£Uj 1 1 ^>3 (^h-t-4jj7e_4r(J ' 

^j-cL^Lc ^3] (_Jj) 4 *^3-1 ' 4 <>^^Li-^JI 4> JlJ Jl^_o ^ l < (i "v'V 1 ^ > to a \ 

JJJ5t_t-s2 ^_45 J-aUli! 2^ ^J_43 4_lbjJ>JI 0 1 -JU d i_La 3jJ 1 d JJ 

3^La a| JiitU 


t3 i—u I ^yA ^fju tiJLI^j 4 3 4^ 1 1 4_jJLc. 4_jj>- I dl 3 i \r\ 11 

4 ? -LA (^>- 2 ! JJ>- <; L- < -^i J^ 5 *- 3 rr n Ilj 4 I Jj i_uVl ^j^Ll.1 

.3juJu>JI 4jj_iLlII -ilj-U 
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^JlLa 4 4_jL_l,l j I 4 > VI 4jjjL_lII 


lj_u>JI JL>o 

l U^a 1 j3j i Li" Vl^t_4 ^ jjj j£jj_JI jL-Lt-u^tj ^ jj_L<a jjVl Jlj i_u^I 3jLa 

(Jjwj (jy> CjL£jj>JJ CjLI j_La i_u V 4 -lLv I jJ I ^_La i_uVl c rtjl»~ lJi Lb jj 

IjLt-^aJL J^Qil a 1 jj ol£jj>JJ li-UjJ ^ ^I^HaVl j_4a-*-II 3jl jj 

4jjJLi]I L$jLj£La 4^-3-! 4_^t_pj jilll *Lj! 4J ^j^j-SLjJi II 

1 ^ * <C _Li2_jj ^jyJ-I I J 3 j ljJ>J I 4 » j" jJs I (j^La V I 4_<-£3 L>- 4 O^* ? 

1 4 L£ Lait_s I ^^Jl Ij-Ii-J i-LLI jj 4 J_jj_lLI I 4_4 JL5tIL_4iXI Cj jjjJI 

4 3 1 c. V I lIHj ^ I Jj^Tt-L-u I Jj3j . ^J-LiL JlijJ I J^a 4j-L<-ui I (_3j)jJiJI lIHj Jl 1c. 

4 Ii4L>JLl j CjL£jj>JL I CjLI j_L (_ul J>L*j I ^juijjLLa j_iaj ^ JlC. ^1 4 j-SljJ! 

ol£^l 3^.La^ 4_*_a Ojlj jJI J- 4 VI t4-L. L^ Vl Lfc^Luf j L^JL! — tfu T Cjr ic. 
^jj La-4 4 Jljj-uJIj ^_pc_xIijJ I Cj jjjj J jJI d V i <i I CjVjUl>3 C-i-uaJisz - ilj 

. Jj ljIL>- VI ^ J I j-C. 4 j ^_y=> Liit_s I 4_Lc. 

4 <a c . I J Ji I j_c 4_bL_i>l ^ II CjIjL i_uJI ^Lul CjL£j C £yz Q^* 1 ^-4-*3j 

^yJI iCal Juj j^LII l-LU 4 4jjJ_jJI Jl_u_uL^>U 4jjjLJI CjLij-lj>sJI £yz 4_iiit_<a 

4 Cj I j Lu-uJ I lLLL (J^Lufcj ^ 1 ^Lul 2Ua I 4 jjJLiJI c±LL c_4j_I I 

Ljjljjdl (j-C. 4 j>oLlII CjI <aju-dl L^jjJuS £_3j (j^j-*J ^ Lj 

. 4 L» < nJJ-I. I J 4_42_U2J>J I 4 jjJj_1 I 

£-4 ^aju ^ ll I 4 jjJLi]| jjLlII CjI ^j-4 4_jJ j_LI 4 ilc. V I J *jj 

4 4_j — i_4i_ujJI jc-uLUl Jj>- I 4 4_t^L_4alj_j — uj jl j_4 ^jji-I CjI — j_j_i_>. 

4^jj>.Vl 4 _ij1 311 CjI i^jJLlj CjI jiLLaJI ^1 i_u_>- 1 4-C.L .La 4 3lij-I>l 

I ^KLut> ^ L<-uJv. I ^jIoj_ 3LJ 4j?e_pj 1 ^jlr. 4_*_^l jJI CjIjL^jvVI Sj-^LIi 

J_O^LII ^y-t-41-lJjJ I L-4-l-<-4jJ I tj[£ jJI (-JuLJ-iJ I J jJJ 4 jj^jL>sJI 

^liJI c i-ua-LlI 2 *- Ji jj^LLa ', tfuJ <_)L£jJ I CjIj^LLs ^ L» ~>o Cijl jj>- 

I 4 3lr. >U 4 j j£Js I 4 jjj LlI I Cj Llj_i_>J I ^J_<a_3Ljj . £yj ju_*J I jj_jJ I 4 

^Jj eh {^\ jl JlLcI ^_ua-» 4-Ll t^i jII diL^jJsl ^_La i_ul L^j ^ LjJlj 

4 >-u Ji^LrtJ La- 4 4 L^-tLvjj I ^j3Jl2j c 3*4jj ^ . <1 j^I I J-3 j 

^jljJu l__< <_uj ^^1 4_j_<_i» Iji^V I LijLa-C. I £yz Juj-jj ‘CjIj jLLjJ I 4_jL_4j 

4jjjLJI jIj-LI 3jji^ ^LijjI ^ji ^^yJI BjLioVI jju>o . %300j %200 


77 


£dUt 


^yC. 4_u 


Jl cjLl£jJ,I ^1 coj^Lj ^JL> 3uJI jl jlLcI i 34j 

Jj Ju>j I J JlC. 3^-U^ 3jLjJ L;r I.*_j 1-4-4 i LgJ Ll-L-UV. _il 3LJ I ^Mjl-3-4 J-SU^S 

3jJLl] I ^4-caJ>J 1 4_3_>-j^ I J I JuLc 1 Ju-o J <__3 j 3 ^_) ^ J_3j (jyliJ I 4 j_L_J_1_>J 1 

100 (jjj L 4 Laj, • i oLi_}_l^JI ^LjuI t _^£2^l_u ^-A 4_jI i^) . 4_i£^_^JJ 
^1 4_o_j_c>JI LiOjJo. jljiC.1 jljj — 3 ^j-4j La^I JlC. 1 .jljjl ij — ILcjjLj 

tflJliJI is^aW oLlljLu ^_s <jt ^ju-u l_4^ I ^j-C. 4_t_j_o. ^J, t ? 3 

. V L£J! Ijufc i ^yC> 


Ll<±.£J \ JdLuiJJt 

JJlC. 4jj_jI_l11 Cj Lu-l>J 1 ^ < <iT 4_>»1 < <1 4 3^_j_tSLI I 3jl_jjJI Juu 

^J-^LuJI L 4 -& 4 4_*j>» j L>J 1 1 ^ *a- lo i_ul 4 j>*jI (jr^- ^jlll CjIjI {yz ^ 

UjIj 1 liaj 1 4-4 4 4j^_)l_<JI jl J-4-U ^^LlA-^LII dsl call I 3jljj j jJJlIj 

4_ul_J_4_t£ll Cjl 3j I Io~ IL) L^ljcStl ljj I (J7 ^ C_J jlj II 4-44 lj9 (jailj ^J-C. 

. {y* 4_ljjl1 Nanocatalysts 4 j^Ll ]1 cjIj jl* 3 .4_liliti,l 


100 4-iLvl jJl L^jLl-ujv jl La^l jjUJ 1-3-0 i^JlJUU yl\j 4 4 cjjlIII 4_3j1_3 

. 1 j LcuTu I jl jll yz 4o4J! 4 >Jl^J 4 j 3j t Io"il I 4]iLaVl Jl>-I 4^1_4jjLj 

(J!l« BjLdaJlj 4-cl <_oJI CjIjLjlI I ?—G 3j_3j 4jjjLl!1 CjIj-1>JLI CjLi_u->- 1 333 j 

^yC. 4_>ol_Lll 4 a lit V 1 1 Jtpfli I Jl-lcuI^ Ij Q^j\£LII Jl-lcu^ I (J_^l 

\-£sc-thy l_4-4 4CjIJljlHj Cj I j 1— Leal Ij 4-0^, 1 1 ^Ij-txi l^JJ> VI 

CjL^jJLI ^Tu-iJ I cjjJiII ^y 3 J^>«ll ^-<-a-u^J 1^ ^_aVI ^^jJI 

. 4_J_4_caJI SjkjJuiu 4 jj i^l » 11 

4.L4-&1 j j£y\ <— > 1 3j ilo^ll j >*~\ Fuel Cells ji j 3 jJI I ^ »3j 

Nobel Metals 4 JLuJJI cjI^JLUI cjLi_j_o- 4 ^. j < 4 jjjIiII cj Ij 1 ^- 4 -U 

c-ojj-li! Jal3 cull Jjtij .4i^j-4^4j Pt inlMJI jl^ Jlo iNanoparticles 

4jj_jLj diLct-UV ^ I J_3d_t_u I jM OjJLLA 4-L4-l^. dl Lb LcuT(^ I III l_9 J_cu 

l_L^_4-J L 4-4 4 4^jL»_<_uJ IjAJ^LlII ^1^ 4x. J_4^5C_4 ^j_4 4 3 K"i 4jyls (dllLcou 
JJ5C-J c-jLlJI ^Iuij 4j jLodl^l 4_3jj_Laj Lj^L>. Lo. jJ J-^ 3 ^Iji^tli i_ul yc 

.SJljJoJI 4^UaJI Jjl_c^_4 ^4 _a1 1 £ 4 j 4 1-Aj LcoTu 1 
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1 j3j ilaj L>Oj- 4-J uLiiil {jr £i 4-4 jL^tTit-ui. I 4 jj_iI_LJ1 Cj l j_4_>i_l I Jlju l_4^ 

cJljJL^j ^Lajjl £) 4 t 4 jjjLlI I Cj I j 3_>i_l I ^j_4 4 Il 3_I1 tiHi] 1 4-^-4 

cj 1 j 1 4 c. 1 ^ 1 1 L ~ ) I 44 V 11 oLu^LILj ^c.1 < jus Jl ^.Lc. 1 ^^»Lu| 

0 I j jJ I 3-^ /^> 1 1 ^£LI ! I jjb 1 3 13 ‘ (J L- 1 (jr^- * ■■ L 3 < I i ‘—*£3 ^ j j .^3 

1 1 c. La ( j-4 ^ jj-J 4 j^jL<JI Cj lj^_4_>tl I CjI lj_l_>J 4_jj>-jL>J I ^_la i_uVI ( _ jr Lc. 

4_jj>- j 1_>J I L^jLi-lcv. ^_La (_uLj tiJjl 33 L$jI C^-l>. 4 L l4 - ^-I I 1_A>^_l4j>o j 

4_u*l_3l1 Cj Li_j_j_>iJ I i_dJj 3 I ^ II 43l_3aVl_j ljuk . 4-u L l4-£J I CjLJl4-*-I I 31 1j 


^ I Jl^eTil-u I JlIc. 4_j I I Jlj^j 4 1 Jia. 4 _jJ Lc. ^ Io < (i I 4 j>. L<-u-4-> ^3-43j I ^^3 

^ jr Lc. I 1 Lb 3^*3 CjLlj_»_>JI 4jjj13 CjI^_ 4_>JJ ^j_4 4 _Lj_*_ 4 4_ujj 4l3^ 


jLl-lu*. cJiJJJLl 4 < xi-tij ^Luu^JI ^-4J>J,I £-j_lI 4_ujjJI <»i3*i 4-JLtSU I ^j -4 

. ^ Lata. 1 


4LuUJ^uill * 

jL^sjV I 

^_u_ul_S_4 _il *_}j J.J * ,ua3j 3j)UI j 1 ^ j I 3j Ija. 31} I a*j_i ^v-j-4 jt j Liu 

L&JLlC. ^ Hll 3jlja>JI 4a-jJ (jL^ ‘(Jl ^Xl (_u . L^jLi_j_uv 

4_IL>JI ^^yJI Solid State 4 iLuaJI 4_JlaJI ^3(11 <-_< &jJI (J j) ->u 

t Melting Point - jlg ^ VI 4L3 } <_i> jaG Liquid State 4djL_JI 

^-JlIu J-A h jVI 4 i_u_3_j ^j-Laj jJI ^Jl J c_ci_I I j . 4 _j^3_4 4_>-^ J 1 064 A 

(j-c. 4-4^ Li ' < < ajlII 3~^ eijlj3 £-J tlaji ^_4 4 4 j 311 a 

^-uj S4_j_>-jL>J I 4 ja- L < <ij 4 j>-L_u_ 4 3^Ljj 4 jLlj_l_>. ^Lsul ^.u_uL3_4 

4j9^L*JI ^-t^a O-cv j-<-a-II I JLA ^c. Oj tIoLi_4 4 _jL>.| ^5 — 5^ 3^ ^Li I 

jl L 4 I Ljlj I c-<-A jJI 3^ jL^-4gajl 4_La_3_! ^_j da_j^3 ^3-11 4jJ)j-LaJI 

L-x-AjJI 3i^ jL^_uaj| 4aL3j 4-4 -j^ 3^ ‘l 3^ t^u-IL ^-t3a j_4 t-4^3 • 43 Li_j_cv 

CIa-cv l 43 Llj-Cn. j 1 L 4 1 jLju! ^j_ujjL3_4 i_3^13j^Lj l_ 3 llL^j 

4j 1 ^x 4 4_^j)_} 500 ^_^JI 3 l -^" t I ‘ La jj5ti_4 Lua^Lu Cj Ll-i_lj>J I l£L1j jLLa_3 j 

4 ^ ^ ^3-4 3-3 L 1.35 (_3| <-—< A jJI CjLi_j_ia* jLLa^l JU J Lc. 

4 3 1" V I, I jLLa-sVl cjI3 c-^jJI cjLlj_l>. (^jl i_uj ^j _4 ^_3^JI I 
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£dUI 


UJ ^ ju^j j 4^>UJ! JlJ 1 ^jLpa-j^LII I 

j-u-uLla j.j» i s-t~ J}L_>* 3 3j>UI tiJ jJLu j y>~ j_uQJI (jl^wcVLj 4_j| 

L^ uuju 4_j t-U-UjJi 3_}l_U jl ^-O 3 JlC. ^1 (^jJj Lc_4 4 1 Ll-1_l->- 

Lb^llLvl cj! 3 4^o I j >JI \ J£ <■ 3 1" cLt 

^ L 3-^L^-U jJ I CJ 1 3 J 1 I^l" J I 4_*_3j ^1 (_UJ I (^ jJj I Jufcj 4 

Ljj>- jJ L<^ \Sj ^“ ^ 3 A * d-^L-do! C)3^ 

4_j (_u_ij^JI 3^UI ^jyJI jl 3^Lc <_a 1 <>h c-t-o* 4_jjul3lll -ii j U J-lL^ 

. I 4 J I 4-Lm-g CjLLu^ ^- l - i a T l! 

3jUI jl ^ i<a jI >.I^> 3 ^ l-./-i-i-u g.Ljj, j » L^-lc. j,^_uj 

4_j_>.jL>J I 1 (g rr \r\ 1 <iT CjL>^L_u_4 ^JLc. 4jjLLaJI 3_iljjJI 1 ^jLlj_l>. ^_u_ul_3_a 

. 4-tic. C-cjI£" 1 4C. (__<_& jJI J)J-3 CjIj j L_ 4 _U^JJ £_uol J-O l Ij 



j 1 ^ ^ < I 4 rt. ) 3j !j_>- 4^»j4 J/\_3 (Jsa_}j3 I iLS^LaJI I ^J-L^-3 : ^5— 5 j L J-SLt.uJ ! 

♦ (^yiiaV I j^->J.I ) OLu j -oJ I t_il_Ljjlla^i >_al u-Vitj CjLlj_(^>. 

CjLu_c>. ljIjIs ^LudjI o \ ^*-LaIL_tuj JSL-jJL) 4_lj_dl 4-2 Mjl)I o ' aa > 0-^3 

_L£ 4jLi_(_oJ 4_u».jL>J! , ,. VI CjIjUI dILA * 3->*3 C t <n.*1 -LcLuaJ ^l>>LJI wu£_\j I 

(4) * 

4 J jl^uajV I 3jl j->- 4_>.j j L^JLlj 3~^3 > * 4-ljLjj. x rt.TI ^^5 l^_>iJ ! 


80 




itt ® 

I 4 J j-^alij (_ T H-I! 4 g ^_yz> I ^>J I (j-c 4 j>-^ Go La A^LLd^Lj 

^LLLsJIj (j^ibwLiJI ^Lll&I ^J-c. _*! ^JU dLL d> j j^Lljj I j ii^ 1 4_j^_>L<JI 

I 4j 0 j-i-cu-l I ^_yz> I 1 I l^-L_J dJJ dJ Lj j. is-\ 1 \ I <_) Lse-fl Lr '-^ 3 L-f ^ 

(j-o LajLI L 1 ^j_c. 4 jj_<-£3_l1I \ gts ~>\ c aJLtifcj cix_4_>- 4 jsl jJ.1 dil3 l \"t 4 . ) 
(<±szls>~ j_u'G ^1 jGLcI 4-cu-A jJJ jjUl . d> Li-t-u>J I 3 > _ h £ 4 jJllLSHJ1 jI jJJ 

< Optical Properties Sjl <LL1 4j^a-Jl ^1 j^JI j^Ju ^1 dh ^>J1 

. 3j)Ltl Light Scattering j_j caSLH ji d fiLMI L$_Lsj 

^LLl! I 4 <_AjJI dJ L lj_l^J d3 J)j»jlX I o^' (jp3 *(_)LiL ^J_j_lj_u ^JjlS 

^£11 . 4^j-*_» ^jJI j. ^- la jJI Q^iil 200 Laj 1 L 4 T 

L^j L i 1 I^ILcj_jLj 20 t^yjQ (Jj 9| Cr^i eij Lt_i_t_>J I 0jui> j. j* * ^aj ^_s 1 <3 I i! 

CjLlj_i_>JI CjLi_j_ij>JI j j » i s~T) 3jLj i^4^La Lj) Q^JJl 4 _$_jJlC. 

^_j_ 3J Libj dUij 4 £1 1" -re-4 Lj 

c-.<-A JJI d}Li_j_ij>. aL^jv! j. j » i ^aj ^j-uSLu Ljj . L&j 1 L 4 T _}LsuI ^j-u -jjLLs 

cj L*_u 1 ^j^_j 1 j) j>> 1 1 j_j t-aSLli I 4_cj Lit d L i_ljj>J 1 dLL 3 j j ^ 

j. ^uIj3jLd Sharp Emission Band ^jJLl (jj^ u 

.Broad Excitation ^jJLl 

4 j j i Li" 1 1 cj^LcJ,! ^_a>I jlswI dj Lj, ts~> i ] lj cj L uj^TtSL! ^ I Jlajj 

4jj_j-^2_j CjI G J.O L^-j-sdIjjv ^ 3 £_<3_>o ^i]| 4 jlj_tL 4 ^LL*J! 

tc_.<-A jJI 4 4_dj_iJ I CjI i_j_i_>- ^JLa t ^jj. 1 1 4*o I ^ lr. 4_iGl_£ 5jJ 

4-C. L-J^o ^1 J_U 4? J_A (_aJ d-P* t 4 _j^_iLJ I c^Li lLUjl^ 

j Lilli I cjLLjLLj ^ Lijj 4_iil_£ 4^jJI 4 _jJLc. dLLLUl 

.4iuJu>JI CjLlu_uL>JIj 


A JLLU , ^LLLxXl • 

5 jLtl cjLl-ujv jLjuI ( _)_u_uLLc ^ lr. LK LLjlc.1 ^ mjLLulJLI 3 ^ j <LLu 

4jv 1 i_u_4 Cj Jlj C li L_j_u>J I Lil: dj, > i to Lai^J . <ijL 1_L*JL 1 t^-La LcsaJL I 

3^j 9 dJjljjl Ld^ t^_L i_uVl dLL ^ ic. diljjJl 4_iJ>-jL>Jl 1 ^ 7T L J-U 1 
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4 j « <ijIo l_m I 1 I dill 4 jj_i 111 I _} 1 jJ, I Juu j . 43 (j Untlo im I 4_jJ Ljl3 j 

3j Ixll 4_33l_3 cj! < .ijUlim ^1331 3 >> Ju ( _ 7 lll jlj II j.d ts ~) a ^ 

J-J-llj l>-3 lxJI CjI£jj5c_ 4J t4 /^>ll 4-Uj. 1 1 CjI jJ jJJ 4_a Jlj^ 3 i_uJ,l 

4-C.Ll^ 4_j . h jIolUJJ J)l j-c-U 4 jj_jI_lII CjLlj_l_>iJI JlJ I < 4 ^ .4j0>U_*JI 

lyt-jjJLi j- jj) ts^TiW I 4x. Lu^o {jt £i 4j9jJ! 4 33l_S jJILtlll 3j-^j>-Vl 

33 ^ i ^ Magnetic Resonance Imaging (MRI) u mmUIiUI 
.^Lc 4 ^-^j Medical Diagnostics 0> .UI1 0 ,->j 3r l r<ll 


4Luj^SUt • 

Ju>JI jl JlC. 1 4^lli^3 4 jjjIJJ! _}l j LI CjLl-llj*. 1 (_y-&L(3 J 31 

4.33 L3J1 L$3 {JT £i (jTuCu 4 -U j, 1 1 1 ^ ts> I y>- c_jL?cjVLi 4 I 

33^^. I 4_c l_L^> 1 ) V I 4j^j III I J I jJL I ^ 1 _j LuJ I is > ^3 ^ylc. 

.4luJu>JI 33 ^ V I c 1~ V 4 ^ 4_uj)jlSLlVI ^jIj-coJI^ 4 3j 4 jJI O L_u L_uj>J I 
L 4_4 iCji_u_uL>Jlj 4 jjJl>J I i__33l j^JI oLjjSLa 4-c.ll/.^ 4^l3£Li ^ jl&3.<-u3 

CjI_ 3_^I ^ll 4 _JLl 4_<2_l3j*. 33^j>-i £-Lu1 lya 4-tc.l m^>II CjLc. 1 f*i 311 o 'j. <4> 

. 4 3 K". 1 1 4_la_3j: t_ua 4 < <1 3*i 0-3 jJ I J 4 4_j_L3lI I 

ijr 3 (_ r lll (_^>l J >J1 ll ULu (2 — 5) JjJl^Jl to »JJ 

.^3-cjjll 1 00 (j_4 ^_yJI jl ^JLl CjLlj_ijv j. j * <^n 4 3 1~ H CjLaellU 

4jJjLlII jl jJ,I ^_L4J V? Cy 2kUI 1) 4 4j| 3jjLftlil 4JIL0 VI lLUj 111 Jt -Huj 

lr\_j| j_3j 4_^L>JI ^_u cjL^_u_o3I^ 4 1^3 L%J uuj L$j^Lc.L3j (jt £i 

^£LII 1 \ 44 (g 33 jLlol 41 Lb I jJ . L^j^LcUjj 4 <4 V laJI ^ L<-ujv V I 

^^yll I 3 Ju!jJ! 4jj_IH 1I ciilj 3 j_1i£.j 4jL« jJj-4 Jjljj 

Jlc.1 Ijj 9 jc_u_ujll 43 Lj^ lo 3 jl 3JI 3>ji3 mi nl CjIjUoI 1 ^"1 ^ 3 c. \ ^3 4LiLilj ^j-u^Ls 

jl^JLl 1_A^S3 L>o ^ 3JI 33-J-43J.I 1)1 1 1^3 J I 4 43u J l^kII f.\ jjiaW 

. L^3 1— 1— L-LTV- I 3jHj Li _4 4 j?C_u3^ ‘ I 4 >> j3 1 -4-al I 4jjj III I 

4-ufcliio 4j^lij| cj L t-i_i->iJ I l£113 lt L^ Quantum Effect U -<£1\ j-uilll 

4jj_IHJ 1_3^j tii I3j i^Jl ->Jlj (^^l j) ^ I d. il3 l)_d 33-*^J O jl-uaJI 

. 4_j£Lu_u3f^*-J I 1)3 ^_u Irul I Cj^Lv ^y3JI ^-11 l£Lul£Lj_4 
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i I^i ^u^SUI ^jLai] jus 4iiLaVl liIIj J 

LfeJi 3^U.I 4_jJj I 1 ^ Lu ^j-cj 4 jj. lo < \ I oLJlii! ^j.4 JljJl*JLj C-<1qT £j\ >> 

isr^ £{jr^J (J^- 3 * 1 o (jr^! (jr 4 ^ CjI^JlLo (^1 4_^vl j_a Ljr £s 

i 3 JlC. Cj I^jjlLo j <J_<3 1 $■ 111 I dlUtJ < ^.Lt-uJ ^SLI I I Jufc 

. l^J Ll-l.l -->> j 3jU»l jLaui ^.ujjLla J 3jUI CjljjJI c-.*-Uj3 1 ^ ill i j r c t 


I <U A-& ^ua^J 4JHa| :(2 - 5) <Jj-L>J I 

.jJLa^jLj 100 ,j_<» JiM j^SU L^jLl-}^*- ^j-iajULo ^ ^SL>vlLII L^j^LaS 


<ui«i 


1~'1 X ■ *1^ . < «tl ^ i ,| iULulIIj (J_Lu3^jJI SjLjj 

.cjljJULi «Lu^-$U! lajllll t _ 3 l B^Lij t4_)jjlJJI djLUjJillj 

Electrical a-u^^Sdl 

.Magnetic Coercivity 5 j , .._.ULLiJ.I a^Ui! a^ill 3 jLj 

Magnetic a n,,iULmi 

^ Toughness a_>mi .Hardness 3 j^, ..Ml qj .i„>] 

Plasticity a_>jjl!! y; ^ .ajyliJ! uUL_^J!j calj. .tail 

4 .S idlj. u ..I! jl^il Ductility ., .-a- . ..IT <cJ_. Lai 1 o 

Mechanical ajSMLS-dl 

Cj^LuojJ.1 oL <1,1 CjIjjIJ 4 SjjUl j ijlajj Sjl jj 

.Quantum Efficiency of Semiconductor Crystals 

Optical a^.^.tl 

■ Biocompatibility jpsl^illj 0 ? .-uMi 

4 _l>* ^1j_lxII jj>.l ^>JI j ^j! ^ 4 't Jj(yia.VI ^ a.MMI Sjjls s^Ly 
j_LaLi«Jlj ajjjVl Biological Barriers 

.Membranes a . ,. AaVl Jl») 4..LM.I a o->UJI 

.(Blood-brain Barrier jJ.L> ^^jdl j^UJI 

Biological a-^Jj-MI 
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jLU3plj£QV!uLuA) 


*.M1 e .\ — ail 1 j^a 1 — Ll^HjI J — *j 

^j£L$j Loj jjLlII Cj\ j j ilaj ^ 4 ^Lo 

CjJj_a3j 4 x-^nj-C. (JLal Qja 4jj-x.il.l 1 1 4 (j! 

4i_pelu_u_4 jl 4 -l *-u2 dxjLi 4 j3^Lc£. 4_j_>. jJ j-i^J 

Lll (ji_u juLs x4j julZlIl cjLp- jj jJSjlII (Jli 

4.3 L>. (jr Lc — j j j 4 (^yJI !j^A — 4J£ ^JLjlII <jl 

tjr Lc 3j^l 3 4-3 ^>1 ^c. 4_j_>. jJ 3 jj J 

. (j-u j_^La £.3 1 jj 4 Jj j ~v j ,j <j 4_a^L>. ] 

4_oLxij! (JLo^Vlj aj_JI <J_o» tiuJ e_3j uj 

I Ja I IjJ^J 4 \ ix? 1 1 4_L_u ^j-jj-xTajJ I JM_>. 
i_3l laiH^Vlj 4 j^r x^aJI 4 j1_CjJIj c—cLaJl (JL?e_4 

j> 

4iSL^Jl Cj' j jl^>ll <j_u $JjJ J £_JJ 


<— 3j I_uj x^ljjJl 4cl_Lus ^1 lo 4 1 ^ j j ~^J ^jJl 

Cj I j j j 11 lLUj 4_<_u^L 1 _uJ 4-ojju LuLp* jljjj 

CjVljt_c ^^3 jjLlII 1 jpjJjjSu L^J-J_>iJ ^jJI 

. L$jLIl3 c jl"iV <n 4_u V 1 


L^IlLvj 4-^-ju-JI Cj I Ju (ji JlL<3» 
Cj_lC 1 J t jjLlII 1 _p- jj j_i£o £-a 

o^-Ulj »L^kJI JL_p. 

> . c \l "■ \ I o jSLb 4 jlr. Cj.,1,4 

ill 

4 x x A lxi ' $ <*4l U 

4_j_i_JI i~ilj 

o j. g ->■ V 1 J ^Lj^J 4 jJLvIjJI 

c«tl^ U.g -a (1— ^p-Lij] jlj II 

j.a.LlLld CJj 1 ^ al -w? 

«Cjj_i_uo jl LajIajI 
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i_ul diLLL- £yC. t^i 4,^4 Jj UJ Jppe_« Lujji^- i i ^l J V 

^JLc. ^cTi ) pi Ju jJL cLpju ^ 4_p^L& d)L-L 3jj) U < (< a 

j-cu_>J I p_L*u i^> i Lpp 1 jj ^_pi I 4 j / 7}"i 1 1 d) L JurtoJ I ^_yz j-u^ La Lai (J I j La 4u ~\ 

£> Jj . 4 1L n. ->J I j ^JL>J I (y\j ^J. i^i\ I c_j Ipj ^ jJLp i (J-*a V ^3 ij-“ Lj-I i O^-* (J <-^ LaJ I 

s> 

i3^ dil ^J-*J1 J>L>- p— 4 I Juk 4_Jj lTu-lU ^Qj 

s 

0 LXI SjJuj j^r i ^i" 1 1 ^ LLe-o ( y J c 4 1 i at I (JLp-Vlj L < .. A*J jLljI Jpl £jjs 

jptcp 4(_£jpL>*V! Jp9pi! jLLp i4jjU]l 4 -L-lI' J^LAlslj 4»_jj dli 4_>Ji ju aJI 

4ujjVl £djj plsIpoVl 4 st^LLa pC. 4 j J jl 1?" II 4 j i lo II j j^LSjlJ! j 4ujjVl 

LsjJj CaLi &j-u£ daL Ju*uj pLLe_4 {jfA dli j p-p. ^Jl j 4 4_*_£pLlJj 4 jJUJI 

. L 1 (jpiii 1 c h i^u. I a J_L>a 


Lp*pJjdSLJl 

St 

4_l£pX I ^ L^Js I 4u J Qj 1 ^ j ps LJ I Lp. pipiSu ^.jj) LaJ ^u?c_u ^y^J 

c ^LL 4 _u^L>J1 L^JjL_ujj 4_j_^La <__3p*u ^jj ju V 4 

(jjj o - 4 3^ cJ -4 cr-^h Lp^pipiS L J£! — L 44>julpil Lp3lp.pit_4a 

jT eu !pj_u Jppe-a — Lp-p! p^dj I ^ ! — ^JJiaj 4 1 ^ L^a I Jutl< i_u I 

4 (jr <aLJI LJLc. 4 4 _u^_*JI Li j j cjL 4 ^r\_uia IX I (jpj-SJI 

HJj o^3 4 (jjuSli I 4 jp.Lt-^il JuljjL! Lp-^jJ^u ^LLI ^ s L^jLL 

4 j < 4?~< 1 1 JJLu ^Jl j CjIjjVI ^ I Ju^H i_u I (jLjl ^Jlc.j 4^pJU cuLp uu lxu 

^- p Jt T tii 4 j * j ilo 4usc_p_t^ 4 4 LjL_4jJ I JuLp. jJ tj_(£uJI CjLv^pt_43 ^LjI 4 Jlo jJ,I 
I jl it j^lp • pj j-pJI 1 4 ? ) j, I ^>>. j cjL_LShJI HJj ^p* jJ^JSLil 

3jp \ Ju 1 £pa ^ L 4u L ^j_<a (Jj 9 I Juu 4 ^J LlX 1 ^_iu I j ^_liu I j ^ lo I 

s> * 

Ju lj < 4?~ j \ J 4^J_*XI jLlv ' ^_J_U 3ju^L_43 J j! ^IjuJ Jl*U HJjj 4 4 p . jJjuSu 

pxUj L 4 _l 3 Laj I » ^_<-u L 4^ jjjutX I J 4 1 8 S 3 ^ Li 1 £ya ^pxUj L 4_p- pi pLliJ I 
Paris Convention for the Protection of 4 j r .lu ^U 4u£JUI 4 _jL^J 

dciaju 4^1^ ^pa 4 1 tlx a LUpa CT i^ t L>L 1 cj Industrial Property 

^pil 4 Intellectual Property « ^_jp£LLJl 4 u£liXI 4 jL^ uLlp^» 

St * J, 

duJ Ld 4 Lpj jdx-ull I Lpu_uj Laua ^yL ^-paD j ^ 4 did (_p J I ^L Ippputu 
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gUySI yU 

l^-Lt-U^ 1 CjI J_aL*_I,I 0 -LA Jla 1 Ij_a^j! Ju3 (^JjljVl e_jj_*Jl ^fLe^Hst-t I J ^L^JL*JI 
(ji C-c9j i 4j j-xTo-lJ I 4_j I I (^jJI ^^^.i-A jJI ^ 4 _jL^_>J 4_«jLu^ (_yu> I y£s 

5 4_u^_*J 1 1 <" 4 ? lo < -q ^^JLe \ j^>~ 4_f3^_*_t I C-l . s 
iU 34 C-OJj ^yJ-tS U j y\ (jj^e — SjLjI I J-A 

C.uss.4-3 Ij t ^-ua-aJLl 1 j)" 47 -Q LjL£ cH_< st-u-^I 4-4j-*JJ (jl ^ II 3jl -VI 

1_$_L>3 ( J s~\* ill IJlC. L^-l£ — 4 qj 47~ U 4_j_>- jj y&}\ Cjl J I 47~i II J dlljjVl C_4 Lcl 

y] 4 £__j_c_>J I ^ jJ 4 ^j )^_*_4 — 4 4_— sL>- Cjl_el_L — 3 ^Lul LI 

LlI -L>*^j V 4jI (jlil (JjJlII jl 4JL — jj L$Il4^_*_4 3>^'-4 - 5 

^ aU II LbwLa^ jUj LlJLai J)j4?*>o (jj-i jl.Ael 

4_« JlifcIL— JJ 4 J < 3~ 1 1 JjL-^JI J CjI J.}VI 4_ukL<3 t(J 4^4?H 1 yLA (J jl_u_L— j 

(JjL_uJ i Ll-A ^1 CjI JjVl t-iiij C 47 J< LtiSLcJ i4jl JUJ . JjLlII Lj_>. jJ 

. Characterization Tools i 3 u^^ill JjL-jj 4 Production Tools £-ll>VI 


^LuVl JjLaij 

^Lul 4_a J l^Tlcu-L I ^^-LaJlj dl1j.iVl yC, JuJlJlII (j-^5 ^UljJI (jyde 

4_e^_— Jl i3jj_>iJI {yz ^jjLalLd CjL^j -Ljj L^jI— 3 c. 4? 1~ V 4 ^ 4jjjLlII _}1 jJJ 

L-c-Jl — VI ^jyO (j^_ul Clu_>0 L^jUjjl t 3^- 4 - 5 JU LaJ! 4? -LA (jL^ ‘4 flJKllIlj 

LioL*_>I ^-ojj 1 4 ? ^ ^ — 3^LXI daLi-t-uv ^ 1 ^ ^_<-uLj 4_j_LnHll 

4 ^UJI ^1 4 _^ 2 ]l < 3-4 /\ Top-Down Approach Ji ^Vl ^1 ^^^Vl 3 ^ 

^Lell f^yz JiLjuVI jjI 4? 4 ) Jij) » ts~i II — 3^UI CIjI ujy>-^ CjIj j -pq_>o (2^ 

L^-LuJ .^^yleVl ^y II (J ^2 (_uVl £yZ ^ i Bottom-Up Approach 4 _^ 3 II ^^Jl 

^ I l_uJV V I — (jul L>J I LlK ^^y^ 1 -La ^ (_4lX I — « 4 4 4? 1 1 » ^.lU ls~l 4} J ^ 47 J 

3 )-^ 4_j i_uL_uVl SjLLI oLj^Lc ^ II « ^l_3J I » ^ \ U> 4a (jl^ 4^j j_i£LII 

3)1 Lli 4 4_ua_4_ulll I (3-aj .4_4jj-»-Lll 4_3 jL^ cjLlj_i_>iJ I jf oLIjJ^J! j 

4_jj?c_jj l^lu_u I 0 _L>. 4(3^-*-^LjlI« ^tlaUoI {jr £! (J^-*-l1LI “-“^1 

aL_4jJ>-V| jLjuI j. J > ts^T) 4 luLllo 4jjjLlJI jl ^i.1 y J i ->Q ^ jJ -VI 

Cj Ij cue y'\ CjLu_ 4 3 Jte La^LjuI ^^^uulj l_3-o j CLu ^^Ull t4q7r <^>II CjI i_u_>JI y I 

J-3L4J V 4_45j_*_l!! 4_33Lb CjLlj-ljv. ^yil L^j (Jyusy Jlj 4 O I^ILo j_j LlI I ^j - 45 <— fiWI 
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1 j A 100 (JfC. (J-dJ Cj Ij IL-3J_jLj 4 » is~l ) \ &_}l_*_ll 

(J-cIjuJI ^i-C. 4_ulill I 4 ojj-LaJI 4jjjLlI1 ^Lu! <_j jJ i_ui 4_j^ j_j <_uj 

fU J t 3jLtl {jA i jLju^I 4jjjLj dsL^j <_u_>JI 4 jI JloJI J UA 

. 4 jlr. I < s i^JLlaJL I (^JSCluJ I ^J_c l_^_*_u3->o^ 1 ^ m 

LtjJH £j-a JJ *_J (j'UjJ <-uVl l_j i_ul i JL>JI 4 _jlj_lLljj 

jA V I l (■ 4? » I 1 i-Ld LdJ J C_J^_J_*J I JlC. 4_J 4 ( < I J I ‘ 4_t-£3 L>J I 

J 1^1 1 Cj j.^ <<o ->u t. lo 4 Jl^. I j e_s jJ i_u I ^Lu 1 4 _l3 L$_> V (__£ JlI I 

4_j_aI_4 I 4_^jj_L> j t_j j-L_uf jLl^l JuCtJU^ . 4 -JjjLlJI CjL^Tl-LUj 

^JLjcJU 4j^_Aj 4 3_i \ <d-J ^ III.I La^I^j v_j j Uai.1 ^yz> Ij >JI 

^^-LaJI t^Lc. 4 ^ jjj . 4_j gTuJU (. n j lo ^<uj <-_3 j i_u JlII ^ i 1ml I 

^.c, 1 < /.oil ^ ^Tu.u-1 1 4 jj_jL(JI jIjJ. 1 Lcl i_ulj Ll^-uTu jit£VI 

l_^n_>i_! ^"jjuj 1 4 «Lc. q- u -^ s> ^ cr^ 1-Aj. ‘■(j? n_Jmllj 

lO^I 

.Mechanical Milling C;r £_uL£_til 4 -n^E - 

Chemical Vapor 4 -uL-^JI 3j ^Vl c_4_j <_«p 4 - 

.Deposition (CVD) 

Atomic or Molecular cjLL^I /\ ol j j II c kp^3 4-HjjI 3 - 

. Condensation 

.Electrodeposition ^j-^LII ^^uj^JI 4-n^E - 
.Sol-gel ^IjjJlII — ^^-$.11 4 _n^_E — 

^jJI ^ ic. kJI 0J-& q lLj ^ c-jESLII (J <«ofl!l I JJ£> (j? 

^1 JJ ^ I C a l"l hz-A ^yA 4jj_J LlJ I J I ji. I ( _^_lL^CJ l ^£i l_$J t _ ;r i£. Lsj L^J^Ls 4io I t_uJ l yA 

. L^-Uajui lyJj-UllscA M_dj>dj LLl&j ^ Jl2j <__£ J_<_U Lct^Ll t ^^5 I J^>d Ij 


^JiLuiVf ^tj (t7 l^Sn Jyj l_> ^IujL) *\jX\ ^LuJ ^ A 

^L_u^Vl ^ i j-aJuu^h 4_j_m ^-L^nij 4 _jj_iLlii jI jJ.i ^-m] <__! < <j jlju 

^ i d> ly^LlU Sjlc, c? II Jl^ (jt^-II I ^ 1 i_u_^j 3 ^-l.iSLI I 

CjI^I1_4j_jE 3JlC. ^]| I AJiLjljI ^q-ul^ t-o^JI^ t C j I^L^-uJ i_u 4jt_uaj 
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. Ul i_u!j Lc. 3-1 lJu 30 ^ V I <-j 3 J i_uVl j^-4 3 - 1 L 100 V 4_LlL^ 

dj Ll-LAJV J 3 _JJ>~I (_u_4 3 OJ 3^_J_l£' CjLl^ £"lldl (jyJ-C. 4jjJlj3 ^1 l^_Lb_j dd J 3 

3 j» -uaJ 4 _i13j 3 <; />Th 3 . 1 $jLx3 3 i I j_sl <_Jilliit _4 ^^lc. 4 jj_sL<JI Js I 3 II 

. 33 L 3 JlC, ^ ic. 4 JJ-jLlII JjLjljV I <^1 t-U-LJ 1 3 4 J J [jjjjJI 3 djl l_l_U>Jl 

Milling 'l£LJJ coil) j il£-JLl ^j_sr L II 4 I 2 J 3 L : L^-Lu 303 

uLj . 4 jjJlI]| 4 _ 3 j 3 L .Mechanical 
j| j jJI 4 Zjj1=> .Ablation 


Laser- jj-AJI 4 _*_dJ 3 J 3 L ^.1 


0 ), 


puttering 4 jjjjL£J! 

Thin 4 3j 4j 4 3 ito 4_j^SL^ ^irs_*_3 1 ^ .>hm djljJ II CLi — 

4_jj>» L uV I cjLjJ_o-*J I ^jui> $.\^ >J . 3 jLtl (j- 4 Layer 

oljUJI J^L^I |<uj dx p * — ^.I^JIj j ..d^jVI LL^-J 

~v ^ 

303 . Lg^-La (. L jl-v. 3 1 3 3^. j ^1 3! A jjl^I I j Lc. ^jli-4 . 4_L« V Ju 4Jba L>J I 
CjLl^jJ, 4 jj_jIj 4 1 J_4 ^ If. (J 3 <^^rll 4 _lC.jJI 4JL>- 4 j I .j^jJLs 3J Jx>JI 
4 _L_Aj dj I3 Lc, ^ I JiitlL-u I ^xj 4_j l_2 . dj I Jl_jj Jlx^J 1 3 . dj I Ja^ILuJ I ^JlLa 433I3 
4JL>JI (J-c-LiIiJ! 3 jJl 3 JI L^J 3^>-3jJl_l^JI 3! 3'\x^33xxxl 1 jLc, JLo 






4 j I 4 C. ^3 ad s.l_tjl ^£ eld J3 . 403 I a 1 1 J 1 30JJ 4_ 


jjySLjj L£Lxt I d* ad I » 4_3 j 3 L ^ < 


L« 


jL5t 


*^- 


Mechanically-Induced Reactive Milling <uLrl.m ^LII 
o^>* * 1992 aLslII ^ II 403 L 2 JI dj| Ju^ILlxII £j-a 4j3jIj djl lxx>- 


4_3 J-jIj dj Llj-Cv- ^1 xj] ^yC 3 jo 3 J3V 4 I <; C. 3_J 3^3 i—jloSdl IjlA I 

(3) . 

4^3*31 3jljx>- 4 j>»3^ Jlxc. TlN _u L. 0 J I dj I J 03 ILU ^ 3.4 < 

♦ lA^ 33 ^H-I' jLc- 430^3 ^^3 

J)i^>^-ll 4 1 30JU 1^-d. I — Jse <-xI I — L 1 1 4 j L r. 3XIAJ3 

^32. 1 ( .,MI (3 30^, .J. I IjLUjI 33LJ I 30^1 ^yC, t 4-U-J I 4J3 jLj 3_JJ>-I tx^3 


(jyQ 4_^3tOX3 djl-L^ 


J — 


^lc. 4_3 jLUI L_^jjJlU dil43 . (jy—^-jxLxI I3 


^ 1 3 J I ^yc> 4 ^ 3 xL<j djLc. 3 * 5 X?eJ, 4_LxjLtxi,l ^jjolxll djl_ixj_>J I 3 . 1 ^! LUX 

ijyG, i^s a 1 1 I J (t> 4jI Jlj ^£1 ^ 3 Lj ^ < m3 ) ^-uj JL>> I jJ . ^1 3 U 

c 3^3 ^SLulSLJLl 3^ L II 4_3 j 3L 4_iSLxj l^-x^ 3^. da lx_i >3 3I33JLJ c-jloSLI I 

33 J Solid-State Reaction 4 jli^tl 4 JL>JI J^U 3 30 J djj ^ 
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£dUt 

<_3Jl3j 4 33l3 Powders J_pd i_u_4 jj*£l jl 

^_J j3j 4 \ jJa J I £J_>d I I Jufc (jyXt-U^LAJ L -£ J < <|J . _i L*_J ^ I 4-JJ-l Lj 4 3 j4 Ji Cj Ll-I-IJV- 

0 JL& 4_La i_u I La^JLc. J 1 4_jjj LlI 1 _} I j_l I 1 i_u_l, 4jlLc I } 

^JlS^-tTu I dslli 4 SL<_uLiI1>s ^L<-oj>-I L$1jjj>oj 1 g * j <a ^>0 ^u-J e3_*£j 4 43jj-LaJI 

j> j> 

4 t?jto jUj Jl jljJLl ^^pL^JJI gTclll cjLLi-oI j_a ^s.^Lltj _}LjuIj 

. 4 41"^- 1. 1 4_lc. 1 < I ^j3 I j_c. V I 


^SLulSLUl 4^ \a~\ • 

^1 j3t3 j—u l_j Mechanical Milling u <nl£Ldl 4 3jjis ju3 

4_«jl sdx (_uJ,l 4_j !_u_xjjJ I JjijJaJI ^ji^l Ball Mills cjIj^LII (j-t^l j-E 

Cj 1 j I a c. ^£ \ l3j ] l±LJ Ji£j 4 4 a 1~ V 1. 1 £ I J 1 1 J^-p-l i_u_<3 ^Lul Cj 1 j 1 4 c. ^£1 

^ I jl*3 ljj I 13 o' O -0 I 3 ' ^ £*3 Cy^J -3-^ 4 cj Lo L>J I j ^_>o 

4_i3jv ^Jl 4 j^jL<JI jil j_U cjLlj-cv. j^-p- 1_4_4 l> 3 ^llul iJ7 £ cjIj^LJI 3 ^*! jE> 

jj3-II ^yA (JjVl J 3-*JI Cj\ jJ ljj (j|3 4^ ^ ^U! ^^3] I i j r a CjLj_Lp ljjIlII 

jJp-I ^j-o ^ ^ Lkj-jj ]rn j 43jj-La_JI 4 ? Ij_j_i^ LaL<C<-&! L_JL>. Jl^ 3j ^^L^dl 

4_j>iLlII _}l j_U CjLlj-uv (jyz 4.C. j33 C_il_lb ^Lul ijr £i \ $ 4jl9j 3^ Ljj 


L^-pJjj J I jJ, ! Cj L^_u-u->. l^Js 1 jjyzx- to 1 1 c_s jJl<_u I Jl^Ujlj J 

ijr lc 4 j3c J jLlII jH ljj_4 II 4-lLvI jJI I ^jLt-t-l->. ( j_ 4J Xjl3_4_> jJ J_U3 jJI J 

c3Jbjj .High-Energy Ball Mill 3 jj3JI 4_JLi ol j£ ^Ij3t3_«_u! 

4£3j_ 4_ u £yjQ 4-C. ^ Jpr l^i II «:Lc.J^ 4_jl jE <_u T ^j-C 4^Lc. 4_J J_>. LL^J I 

(j3 jlj ^3 WC (2^ <-4jj?e3lII JuUj^ 3 JiLo <_3 — c—JL-^aJI i_l1jLj i_4j 

£j3L_> ^ 1 ^ ~^-l.u ^lj_I,l O L^_l4-u-^_i 3j dj^l_>iJI 


jjlc. <-3L<-3j 43jUI cj L^-u-«j_>. ^j3_>J,l tj)-2r lo II «^Lc.j (jlc. ^3 

J? 

jj 4 1 ^ U jljJ,l 3jl II 3^5E-o L^jJ^Li-£D 4_4^_p ‘ ^Lr^l 3 lj £dt 




^1 — 6^) 3JI Jc_l3jJJ Ijufc . «:Lc.jJI 3jl C £jj (ja3j 

4 4 ^ ^ j3j i _ jy 3J I Cj lj£i I LjjH_3t_43 4 ^pt-LaJ I Lij (JSL3J 1 jUjU -^j L^-t-uj 

.3^UJJ « £y>- LLaJ I 4 < «i jJ I )) 
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>£Jt$ gU-i<it mLmU 



AjIjJa—luI JiJ lu ^4«b^_) ^LsljVI ^yl a-jJ^AO ^ < <<j :( 1 - 6) JiL-ioJl 

Jai ^ ><U ^IjXI 3^m J^>i uJ lLs — J- 4-stJ cr^ l> ^ 3->o u_JLuaJI ,j_« 

. 4-j^jLJI I^jL u -o- 


L^j _} (^j_>JI £ I £) a 4 jI j_La i_u^l £Jj-oj i^JuC c 34 

^L^j>-Lj jJj-t-ojJI <_jjJ_Liil 3j>Ul 4 _jj_A ^i-C. 4JLal_>JI CjljLiJI Jl>-Lj 4 !^L>Jj 

_}1jJJ (_£Ju>-l ^yC 3jUJ C-<_)L^ (jL^ . J_J 1_<J 1 jUiuLA 1 ^ 3j~>- L_u_4 CjLl-UJV 

j/ 

^ jl 34 JI (j£- jj-*-* Ljr^ &*■ — ^ (j^ A 3 ‘ L^^Li «-° jl 4 j3-^' 

(^\j?e-Lca^Vl 4 Io i (<l l_A J cu^Lj L-^rJ cLU Jj t4JL3lisJI CjljLiJI JuvI 1 3^3 

jljJ»l — >-\ {j 1 ^ 3 ^ — i_u jIjJ.1 3j>U1 d< — jis lil Lol .<i!j — ^Jl_> j>j — 


a ^_ u jjVl Ja^l (JiL^ t LuL_u5_j^ 3j. a~ < « II C-ilj-Liil Ju_<_uL^V 4 _j£!_j_aI^_j i_uJ! 

4 j U r. ^£L^_l£ i L^a^_lc.^ Ti02 ^ j^Llo]! ju i_u^l ^ 1 AI2O3 


*1^1 A3^J cr^ 

(^£- O-UJ t 4_3 j 1 i_uJ I 3 jU^.t | ^yc .jL^IuVl 

4_3J 800j 250 (j\j i3jL>. 4 jJLc. CjLij_x_uJ c_3Jj I {jsr LaJt 4_u^La 

3jLLU 3j_t_i^JI CjI_lj_l_>JI £> j-j, i-aSo 4 j 1 <a f. (J^e-su l_4_d t4 3 j 4 jJI 
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c 3 4^33 j ♦ 3^j 4_u_aj CjIjJLS {^j 2 4j^jLj _}L*_il 1^ uujLI^ (Jj_t-ojJlj 

Cj Ll - l.lv . i j r A L—t^pJ 4 _^C.Lj J^-v-Leu-a (^£- ^jj^-LaJI 4 j 1 <; c. 3-s. L£ 

: 1 ^ m 1 ^yz ju t J_al ^C. 3 JlC. i4jjjLj 

J? 

i L$3j 4_4 JiitIL*_ui. 1 4_j jj>- LLJI — 

i i y^r F> 11 Cj(^£j 4_lC.jI 1_$_L« 4^. I 3jl_U — 

jt 

t 4 _a£Ljj l£L_t 1 j 4 _uLj j_uiJ I 1 ^ i^>\ jjv.j L#J L^u-arv J^3e_«_u _}ljJJ 3 l_l» 1 — 


(9) 


(10) 


(tjl 1 ^4 ( j-zr lo II 4 -lLoju ^ul_3_J1 iF> 1 11 jJ ' 


\ g'irx-\r> _}ljJ,l 3jLL1j ^jj^LLaJI i lo < .1 jJ I (j-u 4_uj^J1 4 -lcu-lII — 


( 11 ) . 


4 j 1 4 c. LaJlIc. ^uj ^1 4-C.^-<-uJ1 — 

( 12 ). 


3jLX 1 4-ii-^jtJ ^j_3u_t_uJ,l ^y-lSLII ^j-ajJI ~ 

t 1 g JL &\ 1 l_3>L^Lj II UJ 4_j£Ljjl£L_4 e_3JlCfcJJ I j A 

^3j 4 3<^3ll 4-tSLua Ij-u-uJ 1 jl ji,l Jlu_uI^I ^J_OwL_uJ, ‘LjjjLlII Cj Li_i_i->J L b 

tjr lc. (Jj is~i vJI L^J ^3 j (Jjltil 4 j£Ljl£L_I,1 Cllj £j£. L_3llbfcJ 4_j£LjJ L£L_4_> I 

tjr lc llUjj i L^jL i_uj Ductile 4 L loll 4jjJLiJI ^1 j LLJ 4 jjjL<JI cj! i_u_>J I 

. 1 ^ t ii £1 ) ^J_l»-<-u- 2 I i £s^yLs dj->uz 1 ^ i ii ri ) 4_j ojv LLjJ I ^ I Jl^_u-o I ^_£L^J I 


ljL-4-oJI 4UjjIj 43eo3Tt ^3 -^»L^l4 ^loo > r i ♦ 

(j-o_jJ -il^i.1 (jr^ ‘£-jlj-ll (J-Lca3Jlj UjL-u Lj^J U£ t4 3^311 ^l^-ll 

^ ^ St ^ 

1 ^ t'^jsui j_lc L^KLui) (JlS LC uI j-jjlj 4_lcj ^ j_u jI — ifiuj ^jl L^_* — i_uj 

4_tb 4-L-ua 1 L<5 i_uj (2 — 6) jJI . 4_o-jl_>. obL^I 

1^3^ <_u ^ llj T 4 3^31 1 J I ji, I Cj L^_j i_u_>. L^J j-4-> (jyJ I 4 3 \" •>• 1 1 J >■ I jJ, I 

4jjj^ 3j«u^ 1 lt yi JSLcJI j $ Io3j . 3 jJl3JI 4_jJ1_c CjIj^ 4j 4 lo < .il jj 

Jiljil SjLU CjL^j <-g-~v 4_fl JiitU cJLl CjIj£2I JMJLJ CJI 

^Jl cjI j£LI I ^ j_a ^ lo ( (i (jyJ-c. 3 j i_u^M jjqj 3 j . l^jL-j-o* ^.liIi 

«:! j->- cyz 4^3Ll]| l cj Llj-i->J I ^ 3 jhji\ Impact Forces ^ j ^L>ol 

LT ^ lo II ^.Lcj 4 jI jia <_ul Ji^l J 4_fl^Lu^lUl CjIj^UI i ^c. 

j Lcui. I (JSLcJI Ijla 23jw^Ljj . ^« l» 2 — 6 jJSLcJI j 4j j^LL^JI euj ^Lal 

t \-$2 sz-uj j i j" 4 jI Ja ,J_l3 3jLU CjL<^j i_u_>. Cj Llj-o. ^_o_uL3_x3 4_^L?c_l3 1 4_JI 


(13) , 


l_ 3JI 220 1-Ajl Io4l tlo ( (i yuz (J ts^ij Co. 
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I$J1$ glidil taiUaU 



Ji5 

u 


ljIjSJ! 3^U! Ja_>i_^ 4-<-1 . <^aJ 4jJu3jJI 3_d.l 3^Ljj 


LjLu_t>J! jLLail jLsui ^^u-tjLLd ^ 
oLu_<_>i_L) 4 J >1, to tal 1 ljL>LuJ,I ^ 3-iLj 
CjLu_i^>i_U 4jjvjL>JI ^ U , ,. VI ^_Lc lj|j jJI j!_Uli J)^_>. a ^JicLub-i 



jl^i! J3S t u> » 1_£J J->-l jl\ ^Is-lIa^- 3 fl ii ij :(2 - 6) JS— L uJ I 

. . 3j_uU ! 4 _JLa CjIjSJI l^-L> l^Lj ^ySLuLSLU.1 ^ •>. t-> T ! l^r. J^L_>. ^ A.^^TI 

ljI „<a>»TI jl l^ 0 !! (j-j_oULo ^j-^aLclo J-«j 3.iLjj 1 JSL_*UI J_4 da_>.^Lj^ 

t-> , ,, T | CjL>-1 uj-4 3 jiLjJ ^j^m.^LLU I I_l_a L-oj il_<_4lj4 I u^U3 4_j^S3U,t 

(j-u_oLLo I -LA j-niLjy . 4_L >j_4 JS ^yii <L>3LJ! CjLlj_oJ! Jj_<_>.Laj2. 4 _ljvjL>J I 

^yjL^JJI ^cliUtU 4 _lo-jL>JI )n ,<nV t l> _yic, S^U! CjIj3 ^S->- 3 > <..,un 3 aLjJ ^yJI uLlloJI ^Lxji 
(8). M-tl- It. ~ t * • 

4jj_)1_J! OJU.I l_)Lu_o«. 


<3 jLlI CjL^j i_u_>» £_Uootj t 4_u_*_4 4 _j_Lqj 3^H3J 4_j jj^LLoJI juj 

Shear ^,^311 ^ ^ jj^LLaJI ^J^.1 j 4-ajsl ^"U ol^SUI £j \. j 4_*_sl jJI 

4_t_j_i_>J I 4 -u-lJ I 3 ji ^J, I c 3» <,M 1 j^io 1 j_ 4 ^ s 4 j I j_J I jJ_ 4 ^3 J3 ^yiii I Forces 

( _ T b 3 j juj ^3 J_j Lx-4 4(^j^J_lI I j^U — cjLu_l5cJJ 4_u_uJ I >J I — 

i* 1*\ 3"i )j 3j3jll ^j-3JI ^Jl^J 4_jl_5tIL_uVI 1 j_u_£ tCjLt_j_i_>J I i_u! ^ cjLu 


12 ^yC. jLLa^I CjI 3 <L&jju j 2 £"l Cj Lt-LO- LlU ja l J Ic. 

. (« <_j » 2 — 6) j-A U£ < 3_J T 

( _yll ! j i l^jlr. 4_»_3l^j| CjI Jo I J 4 Jo)! 3 jLl! CjLlj_lo- j^j-jCu 

^1 CjLu_l>. O^* } L^~ ^6 ^ * ' Cj Llj_i_>J I ^JLuo_4uI 4jj '^-JLi-u 1 ^yjl 
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£dUt 


) I^ILojjLj 30 JJ2C-J La J l Li °H jLjuI (_j_u-uIJLq lLs 1_U ^ILq ( £_Lu 0-L>> l 4-4 JJU 

^ ^kl J-lTG ^1 ^JJ ^ J 3tlaJl 3-iLjj t *( (< 2 — 6 

^L?eJV.I ^1 L$J JjJ-OjJlj L^jLu_LV. ^- U t-tJ (j-4 .Xjj-4 ^ II 1-4-4 tS-iUJ {j ^ 

J-A U£ i^LojjLj 2 J-5CJ LAjLLsI < <i ^I t-4 £_LlJ i^Ju-£ijl 4 _j_aLu_4 

(J <^-1^. 4_U ^5x-i_u 3^£Lj->3 3jj_us 3 (3 — 6) (JS! tai] I . (o»2-6)JS_^J! 

4jj_)Lj 4_i_i_l->J i 4^ jJI (j^Lc Jl^LlII i—j ^ I jJ^lljj L l_A ( j r lc 

A^JjLLlJI Jt_Uj^ 3jl 4 (j_4 (oljI(_4^jLj 5 1-Aj. Io 4 ^_ul_U2_4 £_ LlJ j JiLjuVl 

^ 4-L^al jILo 4_cL_u 200 3 Jl1 i^sr loll L^C j) <^i>. Jlju LiiJjj iTiC 



^yjj^USsJVl _L_2lU! l_)^5L_u/j^5LcX I i' t-» . ■ ' l j < uj_L>> I ^ Jj £ 13 1 ^ :(3 ~ 6) GJI 

L<- l <a-3L4 TiC j>^_oULGJ! _l_oj^ SjLj ljLu-o* (j__4 4_4 _j_^>J 4_2_lJI 


4 4 1 T t 4_JL>JI J^LGJ ^y-SLo LSLJ. I LLu>J ! Ja_j^_L> l j^ t-LLIij .< » GLSLJ i I_l_a uGJJ_ 4 4 1*> ...<<> t 

uLu> 4, ,4 cxh Mechanically-Induced Solid-State Reaction 

£_<JsalL_iG) jJI 'j-aj .SjjGJ! 4_JLc LjljiUI <ij^vLL> ^Ll>G— luLj ^^uLLGJIj 

LfcjLLaiM J-4-aJ i4_4jjLJ! 4_AjLa 4-Jjjlj ljLu_c>- £-Uij] j_3^J aiLA dJLijla ij\ JjJUl 


(14) 


CjljJLa^jLj 5 


A.l ^tl A t^X t J^_>. Gu> 3 ^_u-a_>o • 

* .. ~ m * 
ijJS! uLuJ! ^ ic. SjJlSJL ^2u£ii (jr-lll -^1 J-tl lIHj i lJ_A 4 1 jlo l 1 jl ^i,L_J J i^iflj 

Cjl jl ^'v.^LI 1 ^ jilc 4 _l>.jI_>JI l ^KL-a J (SLg LajLjuI j - jju 

* J> ' ' 

J I j-t I j-<-^ Lie j_ 4->- 4 Ijlo 1 1 ^ I J 1 1 4.1^ . l^jlr. 4 » 4 1 jJ I 4 L>d I 
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0£jt$ gL-liif 


lL1jLu_uJIj CjljJLijl qA l_A^_a£.j 4 Ju Ju>Jlj 4 ^ j_u VI j 4 ( jajl^t_Lll (JlLo 4 4jjJLiJI 

^JSLi- u-tJ \ ^ * p 4 ^_l_) LclJ I lLLs 1 > < aj 4 C_ 4 A jJ I llLs Lli-uJ 4 Ju _A_>J I llLj 1 _i_ 4 _u Jlo 4 4 jjJLlj I 

J " * 

{yA 1 ^ J°> >J iJJJ J l_3_4 £yC. J-LX J 4 Ij lo 1.1 jl J_I,I dlL-J-O- 4 J J_U jJI 

4^J . 4 3 4,0 3 II jljfl JUJI ( J y-A U£ 4 I^jLlLO. Ji.Q4?~J jl $_U (jl 

^j-4 3jJpiU cjIjL^XJ i g i y£. jIjJ,! tillG cjL 


* J—A* 


a3 n\js 


4 4_4-£dL>- 4_jSLjjI£LJl 


lj£LII 1 4_oL-alt! cjIj £JI 

4_La_s I^J I 1 \ 1^_La_j ‘-LU 4 4 3 <,o3 1 1 _} I jJ, I 4 j^_uo ^J, I lLUj £> c. 

. 4 bio Llj 4 4? <,o3!l i^ujLU (j\j ^£jjJI t— t-UjUJI Ij 4 4_uLj_^_j£LII 

: iJ7 lj 3JlC. (^lC. 4 1 jlo 11 _P jJ» I CjLlllv j,y* tsT) 

do '* x3aJ 1 ^ y£> I 4 Ij lo L 1 J I jJ, I Cj La_u_a->. ^yjzjyju JulC. : I 4_L>-^-l I — 

1 _Lu J I jJ, I edJj Cj Lj_4 uus*- £j 4 Cj I^SLI I Cx^>- 1 j-b <JL»* 1 J 4 _j tiu LlI I ^ Ij 

j-jju 4 _Lc. 1 4(L^ i_u j (J-d3j 4_JLLa3 i_uVlj ^_Lal3lLll 

t _ T £ 1 ^ 3j^>> L-u-4 (ji-3 4jJS! (auJI ^J-C. -il jJU edJj 4 -AjLjS ^]\ . \-£A L?cj>- Lj 

** j> 

) ^-Q^SeI L II I Jl_U 1£LiX I lo I ' <Jj>Jj-43 i yA B^SLlU 4JL>-J_l \ 0 j A 

Cj Ll-UJV. I I Jufc 4_J 3^-43 4 (^JjJ, ^ ^y-L-t-O. Sjj-I-O ^yic. } £- « 

4 cj IjILo jj L<J I liWI cjLLc ^Jl La j 1 lo 4 1 ^LjuI J-<-^ aL?cjvVI 5^_o^ 

4jjJLs 4_Lj_*J 4jj_^_?c_43 ^ysyJU ^<( !)) 4 — 6) (JSLtluJI j_A 

4_j 4 lo < pi Li^LulSLpa 1 ^ lo Juu Nb ^ ^_u ^_ a_LI I 4£Lu-<_u <_4 j_ 43 ^j_43 

^((4_j» 4 — 6 j JSLxTJI I ju^ . ^ ^ cjLc.L_u Cllu 3jlX 3j jJLII 4_lILc. 

^ 3_uLLu Cxi L j^SLI I 4£!_lj ljj CjLlj-uv fjfA 4-u _l>- ‘—LLI 4_lL>-I jJI 4 m^II 

4^x>-Vl ^JSLcuJ I £yA ^ ^ 4_c. L ljj c 2 1 1 s~t \ oJa 1 ^ ^ Io Juu 4CO'y^Tl25 

Jilc. » gj l ^ i z^lVlj ^_43^tHl] 4 jjJLi]I CjLi_^l->JI L^jJloj ^i-II 4_C.jJJI 

♦ i yST b> II 4 J U r. «:Lal i-A^^yi^. ^_2 j CjIjI_^J>-I ^Jl 3jLLI ^ySC-LMA 
JjI^jJI J>U L^L^tjvI 5 jLjjj 3 jLLI cjLlj_o- jLLa^l ^aj Jl*j : 4_u LU 1 4_L>^X I — 
Jujj_43 q^Vl^ua\ ^£i 4_*_^tHl,l Cj Llj_u>J I IJloj 4^j_^_LJI 4 -lL^jlI ^JjVI 4_u_fljJI 
4jjJ CjLAj uuJ J ^yC. JA IMJ Lx- 4 - j^I^II 4jUr. £y£. 3 jJ^aJ»l Cjl^L^vVl qA 

cjLaj-Ji 3 t (« l» 5 - 6 PJI) 4jj>LJI 4£L jJL Plastic Deformations 

4^1^ JaljLj 4 /ysr bill 4_j_L«jJI 3jJLail 3jLj £A^ .jjJJ.1 jL^jvVI Jl jj-J (J V 4 _<ijI J 

4_^it_Lo CjLaj JoJ 4 _lC ^5cJj (^jJI j-«VI 43 jLLI CjLi_ll>. 3jJJJLI (j^i 3 II i^j 2 

. 4£wlLu_JI lLLIj l-£i j 3 i ^> j 3jla£.Lj 3 jUwxLu cjLaVj-il j 434 LLLI 4jjjJ_JI 4£LuoJLj 


95 
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4^1^ JuljLu (j 4_j_LajJI ByLLaJI 3^Ljj £-aj : 4L*JlLiJ ! 4 _L>-jJ,I — 

i L^J 3jUI 4_«jLLo (jr B t 3* <>> Li_ 4 i4£LuiJLj Cj\jb j (luJI dJJj 

(j I {jy l\ j-a^\ t^j &"i <jj cj! *— j La_lI — t—u ! l^jjji^ JJ 2 I 3 

l_^_Lu 4-Lu^Lail i4_LuJI jl JlL«I ^ ic ^jl ^_L>»j J c!jLlj-lj>JI £-u3Sz2 

. Lj_^_>- j-3uuz>~\ LL>Lu_l>. lLUJlj 4_ja^3 CjLi_u_>JI (j-uj 



^juSJ V ! ^_ujU, I ej^SLuj ^jSuX 1 4-La. LL-L?* j ( l) :(4 — 6 ) ujJ ! 

.uJLcL^j iZi—uj 3 jlX 1 g I •>< i^> julj 4-j^i \ a 1 1 Nb =; () Zr ! 0 A1 j 0 Ni 10 Cu 20 dSuu^-LU {j-A < 

4j_»_»_>. £-4 1 (g t.0 n 1 Jj- t ISLi ^ILJI 45Lj.i_i.uJ I LLLi_<_pJ J.gl^t.1 ^USJJ 

J5LUI ^ jLLa^jlj <j-3 jLi£i tSj ^Li.Tt La-Ulj ^LuLa 1 L&xt^uZa 

LLLu-o- JUSL) L£-p li^LUl Lj^SLtuj^SLtX I 4l^ <»1 ^_j LjLl>.| oj^u^ (l_») 

^yJL^.IjJ! k_LUI 4_L!-s j_i^5LLJ ^j^h j 1 ^ n j Co LL_JLj^SLJ1j Ti ^^—uLLLLI I isi \ c. 

. 4cL*jj 12 3-d. > ; *<. >< i-> iCO'j^Ti')^ 45 Lu<^u LLL«-uu>- l ^yQ S_l>» ! ^ 4 - < - < _ o»d 


1 t^3 L^_p ^jJI 4_u^ijJI SjLuiJI 3_}Ljj £. aj : 4 „m I 4 —LvjJ.I 

i ..Vl^ 4 jls! ^J l CjCL^-V! .itajjl IjlU b>U 3jU,l Cj 

4j^_^L1LjJI L^jLLlsI ^L*jI J x^altl ^-p^Lcall c<~<n ^1 iCjLt-pjtJJ 4_p-jL>J I 

3jJJ-£5 ,^jj| ^(( |» 5 — 6 ) J£LjJ1 Lj^-y* 1-4^ ijLuajjlj 400 tjfjA 

4£Lj_u^j LIjLLlC ^j-A 4J_lC (jyj ^-lojUsI <_J ^-ljj ^j£uX Li Cj Jiiwj 

LJojI 4_p JjljLu (__£ jJI Ijafc . 4 jl1 uj 200 3j^s 1 ^ \ -x lo Jl*j ^^jjIILuJ! 

Cj Ll-losJ I C'~un ^yA J Uj)-4 (j^l tS-^yi 4£2i_LoJI (J-^C CjIjL^jVI 

(J2j i4^3jjlIJI 42jLb 4jjjL) CjLi-lcv. lLUju Q^SLuJ 4 *_) L^jJaJU L^JL^uul j 

. («<_)» 5 — 6 jJSLLlJ!^ CjIjILojjLj 5 LajI Io°lj ^bul ^joujLLa 
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>£dt$ gt-l iil mLmU 



^tx/U.1 LJ^SLuj^jSLiX I 4-la l^j uj-la* I u*> ^ : ( (5 — 5 ) luJ I 

Tl 60 Al 15 Nl 10 Cu 10 Zr 10 W JQ 4 jj.\ a 1 1 iM iLm< (_£jla»j CjLu<-i-?» 4_i_ulJ 

4 ... i T Lc ulll^S 4j^_>. LL> ^ I d> ~t > 11 L) i^j__>*_laJI 4^1 ,,, 1 11 200 -Lx_) ' 

lAjU-i^ll ^LljI jjujLLa J_3_i ^ylLl I , 45 Li_i— i-qJ I ujLlxj_>J I j g 1M, 1 3j^_uaJ!j 

.jJ_4£jlj 500 4j^lIaJI 

■ 4_l^_(->iJ 4_JLa* I «J\J t 4-uLc. U 4jj_^_>»_4 3j ^ 3 ( o ) J* luJ I j^ua_jj 

■ jj-a uiiJQj L$ji £l-u3$j < _yIU Ij -lsLJI lj^SL-^u I LJ 


(17) 


5 l^-m-t-j ULa j,jL>*lu ^ jLxjI CjI 3 4_3_d3.i tLtCjJz 
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2U$jLJI 

SjlJU (jj£-±S L£LJ, \ jj)-2r lo !' 4 J 1 a C. £yC. ^jLlII ^IuJJ CjL-UJV J^_p. L_4J_<3 

(J ISLtTu I 4jjj^ j 4 j^_L i_u I 4-c jju ijr 3 (JlLaT<j 4 Sj-pILa 4_p- jJ I jj>. 

^Laj j I j t 4 Jlj LjJ I 1 jju j 4j Ll-i_l->. j 1 L 4 1 Ji Lu 1 ^j_u jj Li^ 4j9 Jj 4 4j Ll-iuv 

^lui, I Cj Llj-p* dJ j£ ^JLaluj . 4_<^t^e_j 4 jj LLa 4 jtt Io « < 1 1 1 4Hjv L_4j_4 4_4_l 3 4_i_<-aJ 

. ^_j Lu^-xSU I j l_LJ I 1 ^j_4jj Lstlu L 4 U I 

» “ “ ^ 

C-c^t T u I 1 4 Lij cdJj L^Hl U ^j 4jjj L<J I Cj L_j_»_>J I J^-p. L_4j_a ^ jJ^luluj 

JI 

4_4sl_^J| 4_p- j ] jjgjll Cjl 4 ? j dlUl ^yC J-AA LjA'Sj 4_>Jl_*_<3 (jj J 0-°J l-A( jr lc. 

1_^_i_u_u^jj 4 jjjL<J! Spraying cjL_j_i_>JI « o_4_)j 4 j 1 a c. juuj 4 _pu_LjJ lj 

j! 4 j jiL >- 1 Layers cjI — <LlL 3jj_t ^ ijr 3 cjLtaiUj cjV — cJll Ia — 

(^p^-jlLI! ^j-o cjI semi I clL i_ul 4 _jL^j i_^j 4 Multilayer 5_}j *il« 

0 ^ 41 ^ j! iErosion J^LJI j! Corrosion ! ^ J£aij 

j> 

5y_L^H>3 iSj^ ^ 3~ > ' ^L-bl J Cjl J m tilij (_<j V 4-^-U l£-d I ^y2> I J_>J I 

4_4^.LlI1 Cj Li_u->J I d]j L 4 ] Ju>o ^ lull 4_p- CjLlL^jlII ^_a! {jA 4 1 

. 4 4_*_<_u I j Cj La I jLtIL_u I 

CjI jl*_Uj j ji jlII 4 _jj>.jL>JI <_ 4 jVl Coating 4 j L ^Jl J 

I (j-LL 4_C^_>JI 4 ?LlI, I ^l^jtlu_4jl CjjjLc. 4_xs J l^UxuJ, I 

JJlj c-uuLV 4 j^jL>JIj 4-lLvI jJI i_uVl La_u 4jl iJlj 

ji ^ ^ 

L$j c 4 ? lo (jyllil 4 j 4?j i L"ll CaVLtll jj-j Ij 4 ^Lc. JSLCuj CjljLiilj (Jj! j-<-^il 

JI f 

^ JiitILc4jj (j^p* L_4ii ! dJj (jl 4 ^LuoVL Ijufc .4 j^jLJI CjL_j_i_>JI J^l i_ti_4 

4> LJs I 4_xL> 1 j Cj L Lju 4_« jL3tj_4_4ii I CjL jSLj ^Li < <i I 4 -lLaj Cj 1 j L r. 

4_tl_>.l jJI ^1* uu\!\ q-a U n ^ 3jMc 4 Desalinations 4 j>JUI 

-S 

. Oil Refining Lulill doj cj L Lc c. 4_^ Jlj^Th-u-! I cj I jj>. jJI ^ys 

( _^_p- Lt-ui. LLv 3^_u_L!j 4.C. j-ui.1 CjLal JutH i_uVI 4 ? -LA ^ui^JI 

JoJulII CJL_A (jL^ 4 l£L-I» I 4jUr. 4poLJI 4 jjjLlII Cj Li_uj>J 1 

CjL^j i_4jj>. L^jI 4 ? j i L i 4^1 Io"n >* > $\ 4_p. Lu^jJI CjVLcJ.1 ;*> 


^iiU Components cjLjSL* ^ Parts ^Ijp-K Ji-j3 4^LSUI 4 _JLl 4_lL^> 
jiIjII idjl tM.I 4jjjlr«H J j< i il JI cjLlLui 4>Lu^ .Final Product 
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idiWIj CjLI^UJLI I Jp 3j-Ut <^>11 ^IjpVl JU CjLj^£La £_J_U-^J f^y^jJu 
.4 nKlJl 4 L &L> 4 < xloj C-<_3 jJI 4 -l*-u3J 3Jl 3_*_4 4 j 1 g c. .Gears 3JI 

"j> 

^uCo (j_ujp<JI lLUj L$_La 4 jLLua-U jljJJj (JJLjLj i_uJI OjL£ La Ijl L uzs j) Lta> 

. 4_dl_c. 3 j^yl i 

^lc. Consolidation 1 cj Li_u_>d I 4 j 1 ^ r. ^jlJa ^3 

. 4-p.A^M SjuJidu 4_Il i_u_4 j ^ j i^4 3jjpLO t 4 -lL-o C_iLa_j i_u_>- 3 jj_^o 

-* j, 

^_£^pj ^pl I 4_tLa_*J I ^j_c, j-j-uClU I Jl^ ^_ajJI jl ^ 

jpLnJ! Hydraulic Presses «4_£Jjjji_i4jl 4_L 

i 4 £Lu_u L^3_4 4 <a L"< < A 4_J i_dJu_A Cj LpU-uO- 4 -LlA (_ r ic> 1 tii3j L*_a 


(_p2_pij . 4_L>- T ^j-0 C-lJU-UZ ^£JlII f^£L 1 m^»!I J^jjIoTI 

: lLs 1_3j 3 JLc. Cj Lt_j_i_>J Ij ^-p. L.u-1 1 £_j_$pj J ^.u_t^ 4 J U c. 

J? 

4_33l_4 jl J_« £_U-^J t MoldS p-ll ^9 (Jo-I J Cj L_J_L_>i_I I £_LO JJ — 

(j-c jlju .Hard and Tough Materials j 4^jl_3_LI 4JLl .3_>}i <-oJ1 

iTccu-ti c_Ji_3J! £_upjj . 4-t^-ua I j-lojJ I jljJ.1 jl JJlaJI i—i-h-o i-LIjLj i_u 

4_LlA ijr lc. 03^ (j I . Jp Lt-uJs I 4-lLc. ^3_d ji -il^J jJI JSLrJI 

. L^_i_j£jd J_u.o LijJ L$3j p_io CIj. iJj 1 a Jp- 1 (J I 1 j 1 Cj L_*£La j 1 

<_3JJJJ c_< II J-3JI 0Jdb ^ Jo- V ^6 — 6^ cuJI i^_y=>j ajj 

jl jJ.1 ^yA JJlaJ 4jjjLlII (^-pLcu-tl ^Jjpoj (j yu-& L^a I Jl3&Tl<-u I j L^jj; 

j? 

^U-oL-J 4 ^Jj-*JJj 4-^5 Jot" Mill ^j-dj^Il 3lji 1 ,pJ JS! coil y £ Io3 J . 4 3 Iul -TtJ. I 

.Plunger ((^LkilW 

^_yj LLaJtJ I .CjI l_J_t_>J I (3p-l (_u^5-J ^j-q-tSdl C__Jlj3 Jpt th — 

c 3h(7tj i^JLao-^l (J) j t Laj 4_La “-“l^ cilijj tt__JL3JI l_3jjoo ^ II LptJj Ju 

J! 

t L^jLu-O- ^-U->JJ 1 ^ < m jl^J.1 ^-p Lt-u-l I 3jl_4 ( S^llo-Lj 1 ^"( o J 4 


jJ_<ao- i Io"i jLju t 4_jJl_c. 4^13^ 




.ol \jl\ cj! ^ u.r. ^1 J^o3 jJ .3 jljJl£. ol j_* Pressing Load ^.o-tSLII 

3^Iui] 4 _Ll*J ! J qoJI LiJ^gu . 4_3 jI i_uJ I 3 j_L_>JI {^yz ^L^Ii^l Juu — 

j Lid j JlA_jj . L^j Ll-l-P j-O jlj-ll 3 jUI i 4^Lo.I_j L^3 JL>a c_3initj 4 j_Laj 

. l5v-<_u Lduaj LlLo 03^ t^dJI ^^pL^JJI gTuIl 
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: 1 <1 A 4_Jl^c t a 1 1 j 1ju& 


_«SLI! - 


cjI_4_lj>J! j .Cold Pressing j> jLJI ( 

Sjl^v jJLc. 

iZjL^isJi 0 ulj^ L4-13 f£j j .Hot Pressing ^L_JI 0 .a-£J\ - 

tjr ic. 1 ^ Juj3 V (1>^ ^JLi I 3jlj^>» CjL>-jJ jJlc. 

J> 

. 1 g t .ii^ 3ji-tl jL^^jI 4_L^2j ( y& %75 4 1 1 <n 
J— a-lATiJ 1 4-^jj-la 1 j-LlI ^j-CO ri" i ^1 _L3j 

4^ j-cuj ^1 . v ; Plasma Activated Sintering UjMJI ^1 jiiti^Lj 

(J.LL4S>» 4j Jl> 3 jjL^tlu Vjj ^ (J-AJ 

!^_y>\ J_>J I l yA J_u£ULj <4 JJjLlII Cj 1_L-LL->J 1 (_u_4 ^Tl^J ^j_4 ^CjJI ^ If.j 

s - * i. 

4_*JLj 4_uu-£aJ! JuV! I j^i" 1 Jj L^Lfcjj J Bj-uCd' 4 j->. jJ ^ 3j^l,l 

4_lL^3 ^1 l^jvI L^Jjj_>i_ij 4jj_)LlJ! CjLi_u_>J I <4 jl of. Juj . J 


1 <?j iIo^j4j^jLlH ^1 ji.1 1^.1 CjLj jL^tHJI ( yi Lj Jljso (Jj-C-i . 4^_<_uLolLo 
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gL-iiii 


JSLjuJ 4 jjjLlII CjLl_u_>J I (j7 ^ ^JTuCu 4jj * 4 ? JlA> j . 4 _lc 1 iuaJI 

j-cjj ^ir jiaj ^Jl (^^Jj IjlAj j Thcrrnal Stability cjIAj ^l_c 

1 ^ < II & 4 jjl_ 5 C _4 Jl 1c. lLUjJ 4 L^J j-uCu 4jJjLiII L^jLlJ-C>> _il_*_>T ^_ 4 i_Jjl_ 3_4 

(JiLcj Grain Growth jj Li_u_>J I j cjj . 4 _lIL»JI 3jI^_>J! cjL».jj jlIc 1 ^jLlu> 

La 0 JlA Juju 4jI CIa-o- 4JjLl 1I jl ^J, ^y=> I jl>JI Cr^" Ljv. 

Jai\ Bj-uaJJ ^ ^ a->- La J 3 3j fU j CjIjI af. (J-j-S 

Ijjj . CjLi_j_i_>J I ( j r ^ j_<a-<JI $-1 L^C jJ_l3 SjULI l_£J ^-Tl^Tu O il£ 

3j!j_>. 4 :vjj JlIc. cjLi_u_>JI ^ j 1 4 f ^ ~~ V liiLcis 4 I j £La 

V JjLlJI < jr ic. 0 ^JI 4_3 j^_L O' J-ll ^-ijLjJI (j_u_i£Lll 4_3 jj_L ^ 1 JLielm L 

c-c-l>. t ^joi-iSL! 1 4_lL^jl! ^L^JI ^3_UI Laj^I cjLL-^I 3 II £_*a l-^-uLZu 
4^Ll^VL> 4_<^3e_u3 ^b> t oT 4 j>- 1 <_u_a ^yA L^J Laj 4 j^jLJ! CjL_j_i_>J I J^o.1 lj±a (jl 

s -* 

^j-u-tSLIl ^JLaJ^^ 3j-u£ 4-<ajL3_4 (^Juj (^^3 4_j_aI_lL« (JuajjI 4 ? 4 3 1 ^ jm 4 ^ 

“ J> 

Jju ^3_UI l^Ujj 4_j}Lu 3 c 47 * Cs> ^\ I JlA j 4 La^^^Ic 4 4 ? ilaJJ 

. 4HbLi£' 4-^_l 3 Liie_)V 4 jjm ib> <L?e-u-<^ 4 j 1 4 r. 

<^4LlLq (jA "< 4 ? 4 «o (Jj) t*~t ->i-Il (jjS 4 lC^J I ^JuSfcHJ! J ILCaj 

u : La_A j 4 (J.a.^11 1 4 jl <>C. Juu L^Jj I ^Tu-t L j Ljua La_A^£ I t—tseJ 

4-lLv i jji 4 -u-lH j j_a uLa^ 41 J! j 4%99.5 I 4HbLi£' 

4-uCo> ^-y-<JU I Jufcj .^Ju-^aJI 4 _j_aI_lI4 4jj_iL(JI L^jLl-ujv 4j^^j ^ ru-^li 

4 CJ Lt-U - > J 1 1 ^. 3 ^- 4 -J (^1 ^_4_4J^Lj ^->» L<-4lj 1 ^ 1 C. ^^tSL! I 4_i2J^_Ls ^ I J_2t_l_4_U I 

. tjr^jLA ( _ jr lc I Jui> j! jLL^ 4-^-t^ 3 jLjj ^ (JjsV! 

4_ujl 1 I 4 j 3j 1 Io"it lj 4 -luc-J I 4_La_LuJ ^ I 4 1 4 C. c_3J Ji, I ciJj 1 4 I 0 Jl9j 

jljjV! 4 4 >i 4 as jl j L 1 CjLu-o> 3,0.1 <-lla ^uMj 4_uoL>. ^joui^La /c j <; xolu 

( 19 ) ~ 

3 L<j ^UiaV! I j_A^ • 4 j^jLlII jl 3 ^^ 1 ^ m 1 oLoJ ! j 

Lo- jJ j_tSuj ^ 3^ t - <3 Cr^ cfLofcLjJ!^ » L^JjlI I (J-J-S ^j-4 ^l_43-A , ^l (j-o 

jl ,^-uaJ.I IjlA 4-LLJt-JI oLqUIaVI lUJj CjjL^ .^JLjlII »1 ^jLlII 

33 I 3 4_jJLc 3jIjjv CjLvjJ JlIc. CjI i_u_>J I 3:^^ *- u - 4 (jr^l 

jLlI 4 4 -^nj-au 3^L>~ L ) -4 Lju^_ 4 _u I Juj_p ^3_Ltl l_AJuu t3j_LiOj9 4_u_aj 

(— <_L>U ^Jl ^ jl l_^_4 4 JjLJI I jLc. i^yA _4_u_4^ ^SJuA 

4 4-luc-lI I Cj I sc. 1 1 Lillj C<-U^ ^ ^ CjI^-uoJI (joi-U iJLa 
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4_u_uJu_& CjL^cH-Lq < jr lc. ^Jj-^a_>Ji ^£ ^L^eJJLi CjI j_u_u j. c. <J I jla 3 j_4j i_ui.!j 

t 4 _lL>. 1 jJ I L^jLu-o- jLju! jjLj-q Co-p- 4 jjjLl1I L^Hjj^j 3 j -pTua 

jJL^j-IIj 1 Ju& 4 _jJL*JI j-plu ^4 4uifl) 

.4_t-^L>Jl OSJt> {jA ^Jj t3 JlC. 1 jJI 4jL>-jjje_dJ 4-4 » JL^J 

4 rt 1" 7S-4 ( J_U JjH] I ^0 4_C J_o-3eJ, 4_p !j_C JJ jb 3jj_u3 (<( I )) 7 — 6 ) J^oJ I 

^j-o-tSL! I jjjjJa 4 j 1 -£] I 4 3Jj-^ cl) -4 1 ■* ^ ~ > <j ^j ^)_u_u L3J, I j J lai I 

jJI l_a_j£jjJI (j/i'a- njj . ^jjjLLuJI Jujj^ CjLu_o> Lcu-1, 

4-bljSL}j jbu^M 4 jjjLj ^joujLjxj ^-Tl^Tu L^jI ^_jJojI Jl£ Hll 0-L& CjLu_lj>J 

j? 

c__aJJ 4jj_^c_4 3jjjjd u ^jJI c_J » 7 — 6) JfLjJL) ^_LASj_fl j_& La£^ i4_jJI_c. 


(14) 


^jjjJlSLlVl Jl^LlII l_j jSLlajJj^LJ. I 4 to i dljj Cj jJvj 4 -LulII 



4 j, 1 "ii >i,l. I 4-i—m -Cupi I £_La_o Jlj ^ jl 4 J Jj-Lp 4 mi i°l IjpgJjS 3jj_uJ ( l) :(7 — 6 j (JfL-tlJI 

J_p.L-J_4 ^_4JJ jjaAA^ JJj_L» Cu>Ljj| iLJ^fVlj LjLLSiUI yAJU JjJLluJ 4-4 -L>i ~U u 1. 1 

tuasjjj .^ySLuLSLdl j U ,,,lj i jj_laa3_>o JsjLaJI pjjjLLoJI -LojiLJ 4_jjj LJ 1 lj L_^_>J I 

J-4 4 uf. L.JJ I -Jj Lull LJ j5L_luJ^SLl 1 I 4_La uj I JJ Jj_L>»i 4 _J^J>i_4 SjJaaS (l_j) JjjAJlJ I 

£-LaJ Cup. . 4_ijj LJ I L^JJJ^J jj-u-jiJ I <U Jjlj ujL-LpJl Jal j"rvl £pA3jj t4_>vimi 

i Lijaji (p) SjjLsaJl .jJLajjlj 35 j , „> » j Cjl-L-LpJl lIUj jLLa^l jLxjI l 


I -LA LjIj->l 2 1^1 LjLuij ^-1111 yujyjJJ ^^-13.1-Jl ^5 -l^.U 4j jSH I L 

(14) ’ ~ _ 

. ^u^j-U 4 -lAjUI 4 ^Ll 5 J 1 4 _ 4 -l 3 LcLjjjl L*a ^3 u_laS^jJI 
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LgJ LlJ-UV J 4 JJ_illII ^lj XI Jfcpd i_u_4 ^Lol 4_U2_J^ L tlsL (jl J *_! 

(J j) i^i>ll jJ I j ^.u-tSU I Cj 1 jl I 4 c. \ ^1 2? ^ Hi I l£LJL I j)j?e_LJ I 4 _j_lZL 

Bulk 4 jj_sXj oLllln (j <3 cJijJ-o ^ 4 L r J -^J- L i £ 4 -L.lTt^ ^1 !j_a ^ If. 

4-d23 ^ <_u_Ll Jzu 2 (j? ^ j-J&f tNanostructured Materials 

4jj_sL<JI J>l ^Xl ^ I HjLj <_j jJ i_uVI (j-u-< 2 J C_<_>o £_3 j 1 ^ N I t 4 

4-C.l > Lll 4_3 jj_L> » ^_<-ul 4 j < 7Tt 1 1 0 jui> 3 ^ ^ JJ . ^Jl (_ ;r lf.Vl (j_a 

4 _*KJ 1 J-ud!j .Nanolithography (^1 jjLjIlUI) ^Vl Cr l^ 4 j>>L ]1 

^ < ojj gjcj « 4 j^j?tj>JI 4 -c. 1 > L 1 1 » 1 4 j i Lithography j & 

Jlo tCjLLiJI Jljjlj Stones jl ^Vl ^ If. Images »L iVl jj ^ 

j> 

. 4 Jjj 1 X I jljJt! j-u L X^_ujJi<j j*L 2 J! ^3 Papyrus (^jj-jJI cjLu J^IjjI 

(jX^ t4-C.l i L II e_)jJ i-ul jI£TljI j_oa 4 _jLj ^JjSLII ^jLSJI j^!ri (jl I Lk Jjlj 

i_uVl tjr if. 4-C 1 i L II ^^yJI jjJjJ 4jjj?cj>JI 4-C.l iLH ^IL t-o a ^ I i_u 1 

t 4 -C.j-lLI.I 4^.1 >Lll CjXj_L3j ^1 Jiitlu-uLs 3 ^ JJ ^ I < <iL^ ^Lj tZL^A-J 4 _^j>.jL>J I 

(j? * j£ jJL ju>JI <j .Inkjet Technique e^Lil j_u>J 1 4 u7>~ Ji_* 

4 _Ljj^SX JVI oL i_uL>J I Chip Structure jiXa jJ ^K-^II 4 -JJI 

4-C.l 1 hill 4_3 jj_L a I i_ul >jy£- 4 1 «i nj L^Lul 

4 _*JlVLj 4 j^>JI jl Optical Lithography 4 _uj^JI 4 j^>JI 

. X-ray Lithography 4-t-Lu-uJ I 

^ L < < 1 1 4_c. 1 lUI \j 4_i^jjJ I 4_c. 1 .LI I ^^y^ 4 _oL jX I ^ ^ 

lLILLA 1 4 4IuJl>* CjLtILLfl ^j - 43 X^J La (JSLjj 4 c_jI ^ V I 


(_u c__< i_ujlu X^a 3jLa cjIj3 j\ cjXLy^ Lfcjl^Jul JL-L 

Cj 1 j < a" 1 1 dJJj <3 i^n j . jjLlII Xjj>- jJ CjLu 3j 4 L < ol jj <-dJ3j i^js >- 1 3^La 

4.C.1 iLII lJT jjji i^LlVI ^L* tiJ I 4_3 jj_L jJLa 4 _l£.j-^ t^j ->* ^ cjXj_L3jj l9j^ 

4-l133 j\ j^_xj tl &j^j Electron Beam Nanolithography 4 _j^Ll]I 

Dip Pen Nanolithography *JlX1 ^1211 4 _L ^1 jj 4 j^>Ll]I ^cl .LII 

^i £)i Cu jij j> 3°i ijj t 4 a\Kr) x^isij iji tiiiui jj-LJi j- ‘-uji (jy-& 

. JljJlJl jX^ejI (jSU j i X£l jL-L j X^jj£ 2 ^ j ^uj£LII ^jL 2 ]l 
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4UjjUlt 4pit<4L> 4,2.1 # 

^UJ i4j J l_lLSHII 4-C.l iloll (JJ 3 4 4 j < 33 Dip Pdl (Ju*j_sjlI,I ^cd_3JI 4 j_L3j 

jlIc. (J-*-iu L^-ITl^ LaLaj , ,, ^lc 4_*iaiLj (J^< 3o ^i L^J>L=w 

La < <i (jrL. j_ij>iJI £yi j_u>J! l_L>al Ji^t3 ljj i 

^j_uj_^Jl1,I ^J_3JL 4jj_)LJI 4-C.l »U1L 4 j < 33 1 1 0J-& C.U.IA-LJJ LLtj )j-<aVl I Jui t _ ;r 3 JljJu>JI 

^ t ^LUI L^jj_&3 ^1 j & j^_jjc>JI SDip Pen Nanolithography (DPN) 

4jj jJI 3j_3il <_j jSL <-uj^SL-a ijr £t j t4 1,1 4-u.o-UjJ I lfi\ j_h ^Jl>.] L^q I jLtIL_u I 

jUJI ci I » e_3_L ^3 c^l 1 L3 i- ul .Atomic Force Microscope (AFM) 

- Cantilever I ^1 jl Uj - ^1 jjJ ^ tJI ^ ^kil ^ 

cjLI <ic. ^JLc^.1 jj3 r<l .Tip Probe ( j f .us*X\ 3 ^_jI ^^L ^jJI . 1—3 ^-<-u j^L-t 1 

^Jj j.1^ ;ILj . La 3jLt ^ **.jL>JI cull 4J3 jJI 4 _u^Lil« 4j^jLJ! 4^.1 1 L II 

^-JU2U J J ^ ^j.uLe- 1,1 3jjV 4 jj-^J?C_ 4 (^jJI . ^ (« l» 8 — 6) JfLrJI 

60 L$3_jLit3 (jt jQ ^Juuj V 3^-3 VI 0jui (JjjIj jl *_jI ( j.<.ujL3-a I LJ 

jf g. 

CaLjy ^ j CjIj 3 (J-dbuJI 3j Jl3JI 3j - iV ^-_u3 4 3j4Jl1I 4jj_)LJI jLuVI 

4j^jLJI JK JuVI J 3f. I .3,1,1 j Jj3 n ( _ T 3 Li LI 4-c Jiit3-<_u_d . L^j (_-<-cVLlJlj 3^111 

3^La i^\ ^L,„ L^j-u <ij3u l11I3j .4jjjl^> j 4^j Lij^Ij 

^1 . 4_3jj_LlJ I £j J-ojLI 4 j^_ul£!_pa ^«c_ )» 8 — 6 j uuJ! (jA jljj 

«^_lj>JI 4 ^j.uLeJ.1 3j_iV ^_La call jlitjl ^JVL>- ^j-4 ^33 

3jLa — <_u — ujj3 jlj-tl 3^UI oLj>^* jl oljj 

j_^Jl33 c.4-u>. .cjLuLLJI «j_u>JI 3 jL c» cjLjj_>JI dj-& ^ j 33j 

^Ij3 ^L>ol ^uSLc ^^jvVI ji3 3 jlj>-Ij 3j-jVLI i_uJL L^J^Lai 

jT 

. jl^-tl ^-cu^JI ^Uol 4 £j^>o jilc. (^^jISLII) i i ^SLcujj^^LJl I 

Ijl cu3jI Lij3i^ij ^^_LaJI 4 jjjLJ! 4-C I i Li II 4 _u_ 33 .^Lc 

JI£L3lVI CjI 3 j. L^ll 4_uiLlLo 4 3j4jJI 4_ujj3i^JVI CaL^JJ j_j_L^3 iJT £i o$. L3 £^ J 

si 

t4_u^pSUVl jLil j-jjl 4_cl_u-^) 4 _« Jl3c3_^uJ,I JpljSjJI jjlua . Jj3»3ll 3jaJufo 
<-u-L (jr^- J . 4_j^_ul£L_t I j 4-U L ij. 1 1 ^ tS < 11 ^Ij-ii JuicI j_j_Lu^3 ^ 3 

^j^a^jLJI j Microelectro Mechanical Systems (MEMS) (^j_JLajjiLJ,l 
.Nanoelectro Mechanical Systems (NEMS) 
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(J5L uj ^ V I ^cu LX I t-j ^SLtuj^sm, I 4 In m I 4 _jj»^j>i_ 4 >^n ( i ) : ( 8 — 6 ) (J5LIlJ I 

4^ 1 . 4 In, T I 4 __i5LiJ LSLua ( L - *) .(24) 4_jj1lI I 3^,„3 T1 uj ^ uj^jS. i o ) 4 _u^L>iJ I ^j.g^U.1 Sj jl 

l J5L^lJ La La SjLa ^ Int<i t 4 _»_>-jI_>l 1 ! 4 ri. > In T I ^ If. ljLLj^>iJI ji ujljill I 4_}^jLUI 


ia7 i^Vl <^lj JiLuiVl ( j-4 ^Lul ck«j * 

^_P*-Vlj i_j^JL_uVl ^L?cj 1 lj i_uJJ 1 jla J 3 ~ m 

(J_c <_oVl)) ^ ( iiLj t, In 4 < t \ t 4 j^_jl_<JI ^1 ^ 1.1 ^1 Uj] 

jl Design *a i l -ka-$-(il I JlA 4_3 i-u-lb Ju^3-*3 j .((^V! 

J> 

Tailoring ^ 4 -^Lij^ ^ j 3 " i ^ l j 3 ti ^<u 1 1 ^n^Loj jl^J .1 4 _j^_jL«JI 3 j *_U 
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£dUI 


I 3 I Cj I 3 J 1 1 i yA 3 ^-! I (jj L>» 1 jJ I 1 A ^-j <_u_i Cj Lj 3 £Lo 

**,<? 

t — LLy^^ l 33 3 — ^Jk-A ^J-tSLtiu-s^ c_-c_jj^j ^<Cu ci*_jj?e_j 

j| jJL! 4_j_LjJJ 1 3*4 3 4 JISL^VI j _>LuVI 3 j 4_j^j 13 J^I_j_a 1 ^ 33 

. 1 ^ J \ C. t^i ->d 1 

^JLjIu 4 jjjLj (J^Lj_A ^ If- Jj_t^u>J! ^Jl ^^^LuVI (. lo a < II I j A 

( cjf^oJ I L^J 1 yy>- V I 4_J Jjl3",l I J I 3 X I ^4 3j^ I 3 . J f. Cj L^-ljjJ !^yZ> I _^3e_J 

3^-L^La 3 JuJl>- c_3jLL3j 4_3l_3ol (,£*3-11 3 -A VI t 4 _<_u_3j ^jLlc-^JI 

^_j_u-^j 4_j i_uL_uI cjl_j^£wCj j-usVijt£> JlIc. j^JI <? Jl^J 4 13 La 

. 4_3A33t_tl 4 jj_jL<JI 3y$j>*Vl 

4 jj_jL<J 1 3j_^>»Vlj jlj — XI ^Luj ic^jL^JI 1 j — * jLW J &3 

J Lie. 43j VLj 3 .^ I 3 J til Io~M ((^^ylc.Vl ^ j J_3 <_cjV| » C_JjJ (_ui J^ii^ ( yA 

:^_A 4-L<-a-t3j 

MBBs) « 4 _ujJ^j>J I 4 -u-lII cjLLlI » 1 ^jlr. ^1 loj ^ n! I 3 4 3jL 11 cjLLjj^v — 

J> 

3 jJl 2 ]I 4 _ 3 i 3 tXI cjLuj^J! ^ 33^3 iMolecular Building Blocks 

Cj Ll/^J I yA Cj U£ I 3 J ^ I J 1 3-1 1 Cj Lljjj>. yA La^_lC £-A lLs LjjVl 

2 

.^^<^>11 L3^3 ^jjjLlII J^L^ILj 1 ^ f^Laj 1 ^ m^j ^3 j 


ciB3 




yA J-xLt 

. L^_3_jl3t3 


j c 4 3 j 4 J3 4 _^ 3 ^Lc 3j La j 3 1 3J — 

4j3jU]I jJ^Li^JI & l_L) 4 _Lj j^>JI CjL-LlUI 


3J^J>- VI I t^T\ 4 31-7T II 4^UJI J^L^jl lLLIj C 3jlo 3 J ^ic. 3 jJl3JI — 

3JlC. ^1 1 doLauI J ^Illl3 4^1 VI Oj-UL.1^ 4 3 j 4 jJ I 

. cj I^HajILc } 3 1 Cj I^ 3 _« 3 j^_u 3 

j__j_<^j>o fuLUl ^^j^LLVI (. k> <; I J I I j A ^^1 lJ_A J-J till -^313 

(J 3 SLII 4 jLsuVl (^jLj ^3^3^-! I ^ 1 -Ll.U oLLl 1 £~ L^c I Jl3^3-<-u 13 1 ^ ^ c_j Llj 

j-J-^tldl 4 _j_L3j ^ <n La L-£yxj 4 4^1111 3J^ ^ ^ V 1 3 _}! 3 11 

: L^-A Lt^>j ^1 4-U-33JI 4>Ica ^_3333 .Molecular Assembly 
b>>j? i-4-ik. ^I Uj ^yill 3 4 Positional Assembly ^^311 j__j^iiil - 
. Robotic Assembly ^3-53^]! 31 ^^Vl j-j-^iil 

.Self-assembly ^1 jJI £-±as*i ill - 
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I i >ij f <_s jjG) Positional Assembly ^ «.>. J.I j__l< 


ill 4_1_U2J UiJ 


cjJLuVI lilt ul\ (Robotic Assembly f\ ^Vl ^*^11 ^ 

4_^Jj_Ld <J^L>. !^yCi 3jl <Ui £.LLl1I ^£L^ T lL 1 4_4jL^tU (_oll 

^_ujj . 3jUU ^ \~>- 1 jJ I 1 1 L^JuJa I Cj 1 Ij Cj I j jJ I c_t jjjJS 

^LLlII 4-C.Lu^j 3.jl C.I VtU j! ^ i-u-^-U CjLuSail d 13 

3 j) I q-v j! 4 jj jJI 4 Kj^H 3jlcj Cj i j 1 4 r. 4 _l£|j_aj 4jJj 

1 4 Ju>.| jJI j3LojjLl!I ^ jf< <,<! ^ dJ3j 4 L^jLj^e_4 ^LseoJlj 43jlait_3 

^ J> 

clij <jVI .4_jj Jj-uajJI jljJJ 

. 4jL*JJ 3j_l*_4-^j 4 3 j4ji cjVTj 3j^j>. ! z Ljj L^jjJiI 4 j < 3" H 

3^_p*VI 4 j^IjJI Jsj_3_*JL) jjLlJI Ljj>-^J 4-jj-cu-iJ 1 CjIjo (jl Ju_4 
c_4_c^ll<JI 4> ( _ r lc. c<-L^-t-Aj »L^.L«JI (JLp^ c_<-c! j 4^_uoLll (j^_3Jl 

C Ij ^3Lcj 4_Luk ^ lr. I^_t_uj3j 3 jULI CjI cjIj Jlj 3JI 

U^s il^Lij! j! jX\ 3 j. ^Vl JSL^J Internal Structure 4 _lL^IjJI 4 oiJl 

j? 

Jl3^ 4 v-ojuJ I jL*. (j]j . Cj \j xj^> jI La^LjuI ^joi_u1_3_4 C* ih 

I 1 4^" 1 1 3^£Ls 4_Lc J 1 1 J-I I 4 _J^_lcj 3j,*\ 4? 1 1 4 ? JlA Cu 1 l£^ 

cU3 ^-u-^lj ^uoi jJ ^ 4 Molecular Manufacturing 

j_L<_4i£ljj j cJ^j I Mill ^JL*J! 4^3 j^j>JI (j_a (^jjLlII t_j jJ i_uV I 

(26)i98 1 ^ iijj jj t Eric Drexler 

4_j I — T’lli-U i_uVl I Jl& HLi3e_4 ^J-UJ J — jJ i_t£ V J 

jjl 4 ^jLlII Lj^. Jj£u] 3j£[_dl 4J_>-^J,I djj ^L j -^- t SLII g. Uk. tl «il I-U 

4_4_uJl 1^JI £ L^-lc i y J c (jA^Lj_ui]l ^_A«il-3 d IjjJ 

Ljjj_Caj>- JlIc LlI LlL >. j 1 I Jufc . 3 j^ J_« 4_j_3_l3j>- 3jjj j 3cj ^JLjlJI 

3jIl 3 dJ3j 44 _lL>J,I 4a]jjJI 4 4 -la.IjlH CjIj-^JJ,! ^JLaxJ Cj L<-u_L>J 

^AjljJI 1 J V I I Jl& ^Jj5c_ 33 t_ul j .^y^LU jj-3il (><3 CjLj_LuU!1]| 

jJz-ljjjj 4^ jr Jjj^>JI ^_j_u-ja3]| 4 j_L3j Li^^ylc. ^j_3j ^ylll 3^,^ a 1 i {ja 3jIj ^SL^jj 
J.L 4.J I < «i3 (]^\_u_uLj 4 4 3 1<3 1 1 jJLJI ^_l3_*JI La J j3 n *_jjJ_<_ul ^ya 3 jIj 

^Ioj^/ 4 3 Li -tt I, I -ilj-U CjIj3 ^J-oLaCil ^J3 4^Jl3JI Jl1« ^jIjJI ^JuV! (J Hj 

. 4_c J-tlUl ^Luu^l CjLi£jJ,Ij CjUellil ^ya ^Jj CjLlI.1 CjLu 
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(jfja 4k-jJJ uilij jJla j i(jVI (^LlII ^ jr <jJjiJI >, lo i ojJI jjUo j 

« 1 (j cIlljoJI )> Jj>- ^\ (jLp- VI (j -< 1 J-££> (J-403 J (_£JlI It jL>Jl <al*ll 

<Lfr>. (joa 4_<_uJuL£j!j ^lojoaijl <:Uk (j-uj 4 4 _^j>. (j-« £k>-Vlj »Lla-^JI £ Lk (j\j 

(jj_}Lua (^1 L^Jjioj 4 j jLlII Lp> jjjJSu CjL?cI1_U J jljoJJ j_<a_Lll £-AJ *{Jj >•! 

(J jj>- U^"‘^ } ^ I (j-'J (jIiLiill Ijufc ^m (jjJsJI 4 j1_$j Ju_4 4_jJjuUI CjI 4?j 1 lo" I I 

^LLJI jk<-l» I (jjloLllI ^Llx-VIj g. Lla-^-I ' ^La-k Ijaj lOJJb ((C -4 (_u_lII 4_u-^2» 

J)jfl >Q ^Jl ^JL*Jl Jl jJL (^jJI jaaVl 4 <Llm JlI^J I J ^Lj-Ulil £ Lk (j_43 ^1 2. .till £_4 

I JJt (j I <-J2Jj_LaJ I (jjO J . JJ Ll! I I tj lSg l~\ 1 7> I <L~ (Jl «*- 43 ^4 C-j 

lLs! (_ujVI ^Jl i ^_>L_<J I BjLjjJI <Jj j (joa j ju-^ Ls 4 jLj j ji_a Jj >JI 

(jr 4 ((^jjLlII ^LLII o_5e_JI» 4 _l.Lv CxLv j (_t^-II j i^-okll ^]L*JI <jl LLa 4 -ua-L<-ll 

^LUI LULc. (jljJa (jy . 3 (^jLv 4<Jja>Jl IjlA (j I Jloj ♦ 4-u^m 2j_o-Vl CjI jJ (_uil 

(jJjL£]| (jl jJLLc I gait <"iH ^ 'jo-kl I (jr ^- 3 * jl <-4iatjVI I Ja La 


Ls.u^al jjLlII La*- J-l jJSaj ^<ak (jLoajJJ (j_a LsL 4 ^ IjJ! I Jl& ^ 

4 4_4illbeJsl Lai »^i ) i 111 ojLJI jjLlII I jawjijJSa Jl^ 3 t^-ug^-U l£LLa 

^ s> 

jl JJJ^I I J-*-^ (J^ 1 (jl (jjo La jllajl 4 (jr< LL*JI cicSfcjJ I ^ b 4^lj cLLI 

j_lC j^-kcj Ja>- V J 4 1 4?j°) J Lua-u^jtJ l_L« (J£J (jlj 4 ^_i£j ^lilju 

(jLUL^ LLlIc (jk! j 4 4_ua-^V' 4 i_ajij J^kJI L^J cal /^i /^i V" II ^_LAJt-3 4^-o 

^ J? 

Ll«IjJL>-I Jj^ 4 ( jj^_>- VI cj\ is\ jjJLij ajoj?cj (jl cx^c-lII 

{j£. 1 1 < ntf iL> Uja (jl j 4 jI jJ ^JjlII L_xJta (jl 4 lLU j£ (_^jI j . Lai i^V"l laja JlSj j 


. jl 4 j i^i ■>• «"i ^JLu^_ 43 (_^I (j_kjtH] 4 ^ jlo^j 

a_aVL>JI <_j j_tla (^Jl Cj^I (_t^I S -5 ^- 1 ‘-“VI ^ujkll ^jUil (jl LlA 

«iLa>.Vl J g Lu^_kl I j ^laj_uiJI (j-4 4_u_uL_u VI ^jl»Jl ^>-^1 ^ ] (ji-L^Ta-1.1 » Lg-Lti I (j\J 
Lj_>-jJ j_t£a 3 jjj Lgjl c 4? <^> jj (jl 1 a^-T j jjLlII Lj_>. jJ j_t£a ^ j J j>. jjv. 

(J-ktluJ L^lljja^ j SjlXI CjIj j ^__ui_>a 4JL4 oj_ 4J (jla 4 jI Jail ^£i (J-ks LlL»J . 4aj Ja>- 

^j_jj 4j 4JL i_uj 4 4 ?jL*jI ^j_u_uL^o jl 4_^tj>- (j£, j-IaJJI (^Aia 4 La ^Hi/a 

4_jj jVI jl ji.1 (jV jil kj . Jl^JI j l^-oa OjJo>JI 4 ^ J 1 x^aHll 3jk ^ ^(_yk 

(jja 4_c.a_4^j^_j (j 4 4_^J Jja (j_ol i_uVl I £_ j I .oaj (_y 4 Lwl jJI 

4a L^- lI I U »" I (j>nn 1 ^ 4>>» 1 Cx kLajj C.<jaaj>a 4 J' Cjljj_II 
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t jy lo- i4_j JuIZlII Jjj-LaJI 0 JlA J£ (jl J jj . 4_lIc J j-ixa_>J I *_jjJLLaJ,l 3jUU j_A 

^Tlcu- 4 4_uj)jLt£LJVl 3y^»-V1 4 _cL_ux 2 4-a J l^TlcuXI j L$_Lo 4xjJx*JI 

4 JL 0 ISJI A ^jLuS LliJ J-UU t^-C.1 ixaJI ^LxJ V I 

J> 

oLoIaJI cjL>- joUI L3^j — ^ litl (JSLufe (J^l^ (jjjJI J> i-olll jl cu-u^pil t _ ;r Lc. 

id^Jut-o ^Jal j_o (JlL>o (jV CjljjJI lIHj (JxAG ^ JlC. j — (j-Gj^LiJI j 

»3^Lcii (^jjJI (JSLj^JI (J^-lj^j 4 o I^i" 1 aj 4_uj_o 
^j_o 4 a l~ V 1, 1 jJJ jl Cj IjJ lJlxLs^j ^£> Jjj i_uJI ^jl£j 

jl Cjljli ^o 4_oJ j-o 4 (J^Lui jl 4 jj ji xA Synthesis j^-LUg J 2^1 

i^yC. i 4 jjjLlII J^Lt^il lIHj (J^xLGj 4_GLj_o. &}\ Jjj-LaJI a j_3j . j! jJ.1 dJJj CjI 

^-u^LLc. cjLxjj_>. jl cj Ijli ( jr ic- 4 j^il>iJ,I 4 3 )u I, 1 ^JjJL>J,I Mixing >.1^1^. 

I JlA ^_LLjj . ^Tu-O-U 4 jjj III I I «.l_Li CjI Jlv. l_$_o I -LG <_u I J Ij-j Cj Li£j_o j I 

i_£ jiGj I (J-». I J (-LJjjGJ I Cj Lljjxsd I ji CjI jjJI lLLITl! 4_u^j_oj I da L>J I 

1 ciTt 4 L$j (jl ^ 1 nC. I 3^1 Cjlxjj_>. i j r C. 4ibwl_j 4 _a^ 4_*GLa 

4J 3JuJlS>* 3jLo l-Sj-4 cLlJj ^£1 4-ja^-o L^j J) L^jsjLxG jl 1 ^ » o 

. _lJt_o 4 jjL J£LlA 

4_>oLLII CjLxjjxsGI ^3 olj-ll 4 i_u J l_u 5> »Lo-l^ J Q^_ij I 

4^ m.LJI 5_}l_oJJ 4 j^jLlJI 4-u-lII ijr £i \ $ * 4l j_o 4 -oLua-t£LI I l_l1 1j 

4_Lc. c-c-Juj I ^ lr. c_JLG Random Fashion j c_j 

L^ 1 J__u-^G]I (j! cdl — ]j£ (j L-^-UjdJi 

j ~ s s 

^ ! I ^SLrelLlI LlI ^jj] cjGjjxv. ji 3 jUI cjIj j ^_o j gLlXI ^J-oLgJI 

(jjjLil J< j 6 1L 5jlnic_oj ^_^lj_o_j cjLljyj>JI gIIj Placing ^-Gdj 

. 4:9 jJ ! 4_ojL£ CjI jlo 2kJ1 ^j-c 4_L_oJl<_u 4 lo t ol^j lIU jj iSjLoli 

4_OJl?cU ljjJJ ijr JUx3ji,l 4 OJj-L> ^jl ^}\ I La J-X tl/I (jl 

1 ^ ~‘C. i— oJLi i La^Jlc. J j) *>J I jl^J. I 3 jLlI Cj iLujxs-J I CjIj J II c— t-U^j 

Undcsired I^j4 < s^c.^_o y j c. ^ I ^ 3 o j-^- tSj ^* I cls^LcLIj « ^-i_Lu » 

jl l~^ jl (jLp-Vl £> 4 ^hi-^ •— j i I t Reactions 

i_j j^.jJ.1 j-±£- dj^LcLLlJI dJij . 4 _j -lJlLLJI 4 xj Lj_o_j£LJ I ^j_LxJL 

1 ^ < .it? 'V Jlitj 4 4 _jjii^_o ^_lC CjL^ jX CjlLaj_>. ^Jl jJL^JI 4 * j i lo j L^jj Jl>. 
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L yZ>\ J13. O jJ! J-4^fl iglU.ll (jT Jj3^>JI J<jgllj g^l J-4 

J> 

^-jj) hi" 1 1 j J-<^ «-u_t! ^JlZLII (jl JuU . J^t hi" II Jl 1c. 4_jI jJ (jt jQ c_! \ j\r\ i s~) I J g mi 

!^1\ ^JLc 4_« JlHI.1 JjI i_ujJ!j Cj 1 j \ 3~< 11 ^1 Jl^cH i_o I 

Jiwl j ^^luj^JI i_< jjjHI ( _ ;r £ 3_fi jjj t4_<uLUI CjL_J i_uJI lLUj jl i_u5tjl 


.4_p-LuVI 4~3K" L33e_j I j i_jjJL_uVI 4J < <i ^Jlc. Sj^Lc 4 4jj_j1_L1I (J^Ll^JI 


3j_^j>.^l (J^Lufc g j < .c^aj j (Jjj_>ij (J jmi 4 -jJL<Co»I Cj 113 

g>-l a 3j (J_4 j^jL£ 4jj_L$j 1 4 3j 3~>»j glsl j ^1 (JLp^ jl g]_>. jya 4 jjjLlII 

4_jJ_^C 4?l_L*_43 Sj.K 4? II &J-& J liml (jV (JLU3 j ^Ijj-Liljl 

ljuk j)I ^1 4^m^Lj Ijafc ) jjLxII ^Jju JLuj La (JSLI 3^£L_i_a 

s 

oLmil (j_« 4_iiaj^_*JI 4_33LLaJI lLUj ^j-a 4 jj_cu_JI (jLa^_>. ^^1 Jij) 3j < <> (jl£^ (J <li 4?ll 

s> 

4_u_>.j 4 j^j 3 4 a hi I JTl^-l^ jlS’ (jjjl ^_a^/1 tA^jjl L^-4 Jl^eTh-uj 3^T(-J.I 4jjjL<JI 
. a I jjJI j c-dail ^-1 la-3 (j.o *>»Vl ijr ic. J 1 4 a 1~ -xX I 4j 3j ihTill CjLcLLlSJJ (J-al 
gljlaLi ^alall C^c-lII g<Cc?e-4a ((j.1 CJjJ)> L>.Lb Ju2^ 4 HL_u La^ 

JU^-' (j_a-i-4> 4((4_ptJjlj)) 4 _uj^_) 4j9jj >* cl h 4 ^ 4 (^j_1lC 

j? 

m J 4 1 98 1 ^L*J 4_j^jj_ 43VI 3 J^rtUX I CjLjV^ILj a 4 j I lojJ I ^jJjlII 4_j^j^I^T» ^-c-sj-o 
4_^LSJI 3^.^ a 1 1 lIIIj 4gH« ^ gj 'i ts^~i H 4_j_l3j 0j£>^ 4^j^JI oJJt> 

cjLIj^jwj cj! j3 ^ ic. ^jL 3JI g_u_4-^mi j gH^I j->Llll ^ ( jr ic. 

Molecular ((oLijjmi g_ j < 4.^3 CjV 1» (jl t IjlA 4m jj-u ji^j . 3 jl u 

^ Living Systems «4 _l>JI pt^U I » ^ 3j^^il Machinery 

s 

((^jmi' 4mjmi 4 i_u jlI^ji )> cm 1 33 cjiimm ciij 31 ^l?c_^j ^Lmi 

j? 

4-td ;U^I cjLu^Lsgliul {y> huSUl^l Advanced Molecular Engineering 
4_ujjmi eiil <; j <; i^>"ill jilci j 3 j 1 jj3n 1 ^"< hi < <il gj h>" < <i 1 44 ^jLtiu_43 Artificial 
♦ jl^I jJI j1«jjI_l1I 4^j_j idljj 4 L^llll *_jj^ijJ,I 

(j^j ^H-ll 1 <; j ^ 4 ^>3 ljuk 4 ^£1 i_4i5oj^ ^ h>r.j 

- 1 ? 

4_lxj j_>J I djLi_t£^pJI g ^ J <* x^aJ ^Jl (^j^_LaJI 4?j. y C. I 4 Ee_t I 

4 j 3j3 ml mimij 4 4_j_>J I E^L>dl I ^_l3 Lc-J 4jl^l,l g_ua_>J 4-tC. 1 ( hi /^> VI 
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jl 4-Jj jJI 1 tfuJ 1_3 Jl£J SjULI 

C-L^e-J ' £_ 


j CjIj j ^ 3 c_< C.^lnll 

J Ju3j .4 _j_aI_lLo 4j3Jlj 4 _ujj_>J I 


^JlLc 4 rij 4 jJI 4 j^_jLlII dsLtHll -X-J JlJlI 4_j_ 

^ ' ji szSu-u Lj L^jI 4 <*o~ t JuT<J 1 cj^Lt-sajj Bearings 

. 4_uj^>JI j 4 jjJJ! J^Lt^JI ^ j g jut alt ^ 4 u^L>JI 3l^L>Js I ^ 4 Ij_j 

4_Li (_ul L^vloj] JlZLjlXI ^yA ^yZ-XJ (9 ~ 6 ) tfliJ 1 

^L*JI 4_jL$j <J_l3 j! 1 4-L-Hi.l j tfuJiJI CjIjJ (_uJI JMiw 4 _oj^>JI 4 L^Jii^JI 

i J lo J lo •^J U M.J (10-6) J< All 0^3 .^ju£ lt _JLi 2025 
Molecular Factory <<^,^ 3 ^]! j_L^J,I» djl r. U Lu^ljlal 

liujj £_t_LA-aj L^L^lju yu oj- ut-us 4_L^L« SjLlc. (jjdl 

J> 

♦ 1 ^ » j < 4 1^-11 4 _uj^j>JI 



a i . >> l j ", V | L^jL^u^u^j ^ ,s~>a u-cJLvj :(9 — 6) ^J5LtIiJt 

4 £1 4ljl! CjL_LjJ_>- <j_4 ljLL* <j_4 L^JLSLu 2) LjLj^SL* uiz—ILlj 4 a-^>o <jSL_jJI kjr 2 4_Lj_dl 

4_ut_cXI ljLLj^JI ^ 1 4 1^1*1 ujVl 4_La, luI^j ^ ->»-«J I l_Lfc If. jtM-j j! ^^Ldl ^j-4 ^ylUl 

(27) 


Ill 


£dUI 



<-jljlj)l-> nil 

j|j__ II ‘~*l ‘ jj 
I— I-lSj-J ^yS AJU-I-U . 
4 -uLj^>JI ,JSLi^JI 
L^lu^ jl^il 


^JVI Jji.-rrJIj 


^_> 'l l-r-ll 43^4 

J _ > ^ I II 

JSL^JI 

tLi_Li^_>J I 


(0 



OLLijjv Jji 
jj) a ‘’i. >~>U Jl 


Ui3« CiU_i^>J I 


^411 (J i «i~u lit I 

^ <U_>- 

foLLJI CjLLj_^>JI 
HjLjlj)l-> mVl ^yO 


JSL^JI 

i —y3j3 -Ljlj 
<_yl*l djj-Lljjy 
i— ij) 1 1— » X I I 


M 




4_L^La 4 _JLl .'s ') <■> Li 0 (I) :( 10 — 6) (J5L_4jj.II 

LLL^LLJ.1 4_j^Slil 4 _jJ jVI jI^—LI LLL_LjJ^>. J j ^ " i_uJ w iLLl 

J^l j pILj^ • uiiij LjL_LjJ_>o 4j^j>i_tiu3 Cjljl^K.. ,„f <JM3. (j-o ulL_J3j 4 1„ 

^JSLc^il ^y_a ^j—Sbsi CjLJLjJl>JI lIHj J-c5L-t.ajj £_«_Luaj iL-LtSU! o jl-A 

L_L>- | j 1 n ]n ,a a (k-j) JiL_ulI I (j'UU 1 ^ * ' iJ-ijt_JaJ £t_4 Ij_j 4la I Ij_j uili 3 ij i L^_>- UL> I 4 Iji, I 

LjLLj p j tA > •, '\* t „ ( L^LvIj p '' ' lL_u > - ( V) 4L_j^il Ljl i_jJ_>J \ £, j. \ is~i i 4_U5Li 

4_}jjLUI LLI^-iVl (j — o -2-U2. LlUiij iCjljl^la luV! (j-o 4 , n^. ujl 

4_LLl (j^SLi LI ^TL^IL>.I ^4-b^JI (JiL*-) <J515 .4^^, \ TI 

l-U2> ^j-u— <-uJ-a 3j5La (JT i^ 4 ^-jUL! I (J5Lj^JI ^jJu-alLi iu^L>JI « ^3UJ I ^_L>1 

If. ^j-ilu2 1 4£ Lub L) ujLtSUI 1 _ul ■ ^ Tj i3 pl_2 j ^ ^JLui5Ljj 4 I .oL>o^r I 

.(26 £_j>.jJ.Li ^yJLu^V! JiLiiJI 
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0£jt$ gL-liil 


x nil 3j-$jvVl 4j9_ij 3j Ju9 ^-3 j. 4~ < <ill ^ JlSHJI ^jf t 4 Lg- U J 1 Jl33juj 
i LLbjl t_<_ujJ 3 jiLilj 1 4 3 1~ V U jljJJ c jL1Jj>»j oljjij c_ / c. Jill ' 

(—3 j-t-u 1 3 jl_4-U 4 -lLv I jJ I J^L^l! cjL£Li lju Lajjj*.j ^j^L^alj 4 _lLv I jJ I 

t4 c-t-ujLJI 4 -C.L-l^o 3jLc.I 4_l 3 LiJ tiV L4-4 j-4T<j 

4 3 Ju=w I ji! 3^U! ^yC 3JljJlC. JJ IZ5 Jju-£2j»JI ^J-C. 3jJl 3]I L;r Iju 1 

. 4_U L -4-t^j I i » J i Jj>- JJ ^j_4 ^4_C.jJ I c L$J l_4_<_uj 1 g JU a I JJ*. ^jJ l_L<J 

^jjJI l-a-ujIl! ' 3j)l c.1 CjLj_L3j c_o_jl3 jj ,1 ,>n f jlVwtlj Jj — 4 Li I ^jjaj 

^'j_4j y-uj3 3 jLlL ciJJjj Diamond ^Ul Jj ^^ il ^^Jjj^Jlj 

4£J — (_aj ^JJI <11 (_ T ic- jj^Lll t4jjjJLJI 1 i — LL JJJj jijJjSUI CjIj J 

^-j|j LI) ^llul (j_4 ^jSL^Tu C_3 J i_oJ . 4£L< tfuil l_I_J (j-uLll dlljj 

3j)U 4 -lLv I jJ I 4 j_Lt_!L) i_ < C . Jill I <j Jj-L> ^j_C. 4_dVI <—j. i—u 1 jj>J I 3j 1 

siu^tij jUjj ^ mmSjJI ojSd.1) K.i. o.n 

^jj*-! j-t-^llc. CjIjJ (j_4 4-l_u-<-l c_./-t-aj 4_bLtlj (jjj-Ls ci-Ujj t 4 -lLv I jJ I 

. -dji.! ^j-4 

^ Jl3j ^ jJI ( _ ; Jj jj>J I j_j1uH]| ^j13_4 ^J-c. oj-u^ CjI jJ — i_u 4 > ^Jj 

(jA <^><^> 3fcjj.l 4 1_4JjlJ ! (J - 4 4_SLJji cr^ * 198 1 ^L*JI jJ <_u£Ljj_} 4j 

^j _4 jj*. T £j s j Is I j ^j I3i. 1 I J A (j 1 Ls IB M 4£j Lu 2 

Scanning ^_<_uLi,l ^ 3 f? <1 1 < > jSL<_u jj^Ld, I ^ < oL> < ^j_*j da L> jSL<_u jj^Ld. I 

^jJl < V jSL_ -^jjiLjI! Ijla ^^Ljj Tunneling Microscope (STM) 

4JIjI_C. 0 «y,\ t(( 1 — 6)) J^ tfuil (j, 3 4J 1 j U j U --^J l_4 L-U j 1 < is^yC. J ^ 

^1 Scanning Probe Microscopes £_<_um j L^ JLl c^Lj£[ ^jjilj^ 

. LjJ i_u 4_Lc. Lo Ju>o (j i ( j_i i_u jj I t 4 jj JJ I 3 j_3J I c_j j£! (_u jj^Lpa ^4 -<Ljj 

(j^ »i 4U n 4^? j-& c_jLisji j)— 4 Jj^i j <^>3 n (jr$ Uj^j 1 — 4^j 

^ (_uU,l (jj 3 a < H ^_jj£! i_ujj^_J, I Ijl^j 3 j jjv jJ,I 4 3j 4 jJI 3jjVI <_3 j-Ljjj 

J-4L>dl (( j J-JjJ I » J <^ < C. dj!j J i_Lsl_3lJI ^j_4 (jl^ull jl (^-4 <_uj) 

i_u ( _ T ic. ^j42wVl jJj 3 JlJ^l J L^J_pjJ 3jl_C.V 4 _J_a 1_LL4 4^JU L^JjJ>0 J 

[_^_4 \ J-3 <_^ JjJ^J 1 _J j 3^_4 4£~j-LlJ 1 J L*_L3 L»_4 J£ LILJ 4 JSLuJ 1 j-ls J>-4 ^J Lj 

.(7 — 1 JSLliJI) 4jjjU LajL*jIj ^jJ 
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£dUt 


<_J ^ uiJjZuX 1 1 3j Ju 3 i 3 lj_se_l I c_jj 1 5t3J I ^3 U3 dt L&jd Jij3j 

^1 j_o-> 4_i^l_>JI dlljjJI <j_o ^sc-u2> ^JlC. — j_o^>o (JT ^ jjU jj Jo ^ J-3j (jl (jy- 
Nanostructured ^jU 4 _lu jLUI ^ dU3j ^Lio ^ 

(— 3JJJ.I f^y K J ^ 1 1 g. LLlII I JJt £j ! £)l l_L& Jjlj ♦ (^£j3 ^ 

J-3_o33 4-Jj3 J^Luk 4 3 h -TtJs 1 jljJJ d}lj3 ^j-O ^Ut-ds J) J-C. ^j-O 

^1 4 da-3Ldi,' ^olj >J! ^j-o JoJudl 1 ^ j4 £_ <H>o dt-L>. i3dJ^3 l)^^J 3tJ 

j-u^lc. <__3j_ju t Jl!JLl ^J -U-< -u ^J L l3 . Jl».|^ (^j3 ^ 6* ^ 

£-3_o3j V 4_t33j !^j.^\ 1 1 j3J I ^ If- 4-33L3J1 43 j-Aj 3 (j-uUtll 1 

^1 dl 3j t U" IL) l_}j_3_Lo 4-o I -dt3 ljj I ^olu ^SLI 4JL&J3 4 _l3U 

4_C. j /^i ~v. ^ JlC. j ^ lo < .i ! I j lj_33_<_u I j3 Jj ^J-o I j_*J ^JjjuoiIlI I £_La_3 ^ to < <i I 1 ^ j4 

^j-o 4 _Ll*_o 4_ L<_gj l_L3-da I jJ l3Lo ^jSLI . tiuIiJI oLul o j-tToTJI j dlU 

4_j_>*jL>iJI dUL^}U <*V< II 43 ijlj-daJ <— 3j ) j *JJ i JljJl^J! dl!j3 

i $. L^£J Sl^_5tl] 4 1 j ts~> ^3 ^<3 3d_j_>. ^ol ^- ss-j 4313 d<-3^Jl £_1 o3_i ^ j 11^ 

I d_& ! S ^jjj 1 — 2 £_Ll I j. ts^ i c. dj l^j 3 *■ 3 fjJs I j — 1 1 ^ 1 1 ^ — I ] 

j_j_o3_l,l tjr^>\$ 3t_j j3Lo33 4 j^jL3 ^Ij-1 4jj3 j_A ^_j J-33 

^JjLoj Lj I Jufc S L^_o Lol J Ij Cjlji L^j>- >U 4_33 LaJ I L^loj L3-OJ ^1^33 dU 
Ij_xc.M 3 (3r^ / 29 ‘ 28 )l993 ^UJIaJI ^j-o (3d>^ L^ 3 j a 

lj_o J l3_lI t^-u-uLlI 3 < J 1 uujj^SLJJ jL^jv 4_La loj! .l^-ulII CjIjJu 

J-j-L>J Ij ^ Util I i^j i^i <c. dlj3 ^j_o 4_3Jj_o 3 J-jj-3 4 Jj3 4-0 j) U I o dJ JdJ 

. 4j9 j-l«-u-o ^_l£. 4_xSLjj UUo j 4_u i^y 2 1 J-^- 5 ^-3-o33 ^11—6 ^JSLtlo] ! ) 

4 o^U CjI jjVl dJJ3 t-_j 1 i_uj)^SLtXI I Ji_A /Q-dajj dU3 J 

* J> 2 * 

jdijoiioL. -Jto^t-O llA -A /^3jj dll A-O-^tX! ^ ‘ 1-A^yJU. U ) ^ll I 

diI3 dio j-o3 uai\ ^j-o .Assemblers (oLUj^JI 

CjI 3 j i lo" t ' ^Lol ^U^U (J1 j Lo Jj-UJI ^jl Juj l I JLA llo ^1 JjUJI 

J> 

0 Jl^_i 4jj_j 13 Jil ^_o ^Lu] ^ 3 4_o d 33 XI dU_L33J! dJJbJ 3^ \* a \ I 4 -l£- 1 i H 

^j_o 4_u^^3iSLI'3/ 1 CjLc. 1 < .uaJI U 4 ^Jl^Huj Lo-O CjA^- ^ dd> . 4 _j_3_x£LI I 

^c. 4-uj^l^J^ 1 3J^jv VU 4 us 


jllj dJI £-_J_0^>O 4_J_3_J_3_>. 3j_lU 

.CjU_l 33JI dil3 ^j_o a j 
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>£Jt$ mLmU 



^ . t \ j \ + T Cjjjj 'Sjlc , Li 


JiLufc <L*£ Ip. ^r„..<ii LX I (j tf . * 1 1 uj ^ lu 1 4 X*v„ i ii I 53 i^J*> l_4 Sj^uo :( 1 1 - 6) JuJ 1 

(28) . . / 

JU>^>JI j.ist\c, u3lj3 { j-4 dj^Sia 4-plj Cj 13 p ) 31X->ir,tl ^L>iJJl j ist,\c. lj!j4 {jji 4-4Jp 

.28 pjJ! 4j_>^XI p^V! ^JSLjJI ^pJI ujLLSLJI I JlA> uiiXp uiL^bi 


^yjub^ll pS^grfUtjl Ua , t t Ljbj5Lo/J^5Lt4 LjLjJulJ LjIJ-4 • 

Ljlj-o^jLuJ L^jjjicI 4jj 1_3_4 ^jLSJI ^jj^yu ^jl $p>JI l-L&^p jj! 

4jUf. 4 _lC j_u ^-t-uLlI jLi_<-u-I,I Cj L jSLt-ujj^Lua CjLu_3j ^ 1 jJtIL_ul <_j^_lC j 

. ^Tl-U-U 4_up_>JI jl 4 jj jJI CjLlp>JI jl CjIjJlU ^j! jJI 


bljllo 

pa L^j^j>ijj jl oljldl ^ J^buJI L;f ic SjJljJI — 

pj 4 i^s"i\\ Liij p^Lal <— tJJjJJ j ->- 1 ^1\ (jLSLa 

4 a lo" 1 4 4_j i_u jJ_& (Jl£! JjV 4jj 4 aLu tjr Lc 4 _^jU]I SjJuij! — 

^lc bt>j 1 lo 4 j J)LjuI JajJ V i jL*_iVl 4 jjjLj jb 4_Lui> 4 JLl£^ j 

. 3jjJI ^ U4 
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£dUt 


<_jj_<_*JI O 

— j-ujuJ I jL^- ui ~ ^ i^ij (jt (j — SL «j j — jp-jJ! i_ < — pJI — 

d ! j jJ I j 1 j-& 4 L>J I 1 ^ » j3-> jj 4_3jjlaJ I 

< jr l£. i_ul j_a La-a iljL>. £ (jr Lj} 44 jjHa-U _L^i! 

Lfrg 1 Jlialui 1 j-4 Jl-X^GJLj £_<_4J V Ijiifcj . ^cl luaJI ^LuV! J JJ i_u_4 

fUJ V ^21 1 4 3 j 4 jj' * 1 1 4 J£L^j| 

. 4_$2e_2j dLui^J L^Luj 


-^3^ Cr*! JO — ^ ^ O- 5 ^ 4j_^ljlU *UI ^Ij 

CjIjJlU 3j $J>3 j-j — j2 ^t 3 2.l J-<3 Jl]|j J — $j> 2I o- 4 

4_j3 jj jj £-j2l Lr^" l£ 3~ LJ> ° 4 4_xJ Lc. 4 _jj>»L3j) 3j JL3 Cj!3 CjI jjjj^Jlj 

^ 3jj>.jXI ciJQj 4_t 4 ^ 43jujlc. Robotic Arms 

(27) 

^JSLtTuJ I ) j-Lt-aSoj J Ul 4 » *>>j J jJ I j *> < 1 1 £_c j.iaTtjj 4 jj jJ I 3 j_3J I 

^JLc, 3j__$j>»Vl dllj 3 jJl^ 4-^c.l -<a j__« L$j j ^ ^ai! *(12 - 6 

Jj3 <_u2l <_ ;r lc. 4 j!lj j_>2 I jl 4jjjJI J^L^JI 1_£J <_3J j_<J 1_£-i_jjjjj CjIj3\JI 

Ijl^j 4 3l»~ 1.1 CjL^j^U 4_jajjJ! 4 *jL32,I jLLj j ^ybj * ^sr t^i 1 1 ^ £.LLuaJl 

— ciij jjJI (JjkjJ,! jj 1^3 tlj djljILl.1 j_^Jil I (J — 13 4 £-j_l33j2,I 

!^j . j Ua 4 1 1^> ->2 I j 42 j L>JL I 4__3 jJ i_u I ^Lu I £_«j 4 ^juua ji, 1 ^__j_^t3J I 4 j 1 33 

jlSJLsI £-4 (j 3 *a-~n ( 3j i_u dj I jL>i_iV I Ij-L^ l£II_LA j Lj 4_3j 

J? jJ. I ^jjJI ^-LO^ r JI 3j-^J>-I ^yC 3jj Io3 .qj 3jajL>- 

^^y^jjJI 4 _jVI LlI JL^ L^£j . LjJL>. 4_« jtit3 <_ai,l 3j-^>-Vl j jjl^jj 

j J-4 -u-lBJj— iJ I — j-L-la T J I I J_A I j2t3_4_u ! j L>- — JJ l_<i I Lj_>» jj J_I^JJ ^JL*J 

JlC. I j^ j ^j_u_4_ul Io3 < <ilj 4 12, L3£)j» I j L^_ l- l £ JjLtfuTtJj 

jl3 3jj 4 ciuVLj 3jjlltl (jj 3 ->o ^L«I 1 33 Lc. (__3 33 V 4$ 


JL^-jJ V dxjjv. 4 _jI i)J4> 432_3_>* jl c-Ll£ J> t 3 j J . (( Jj 3wVl 

L3_« j 43j Ju>2 1 $. Ljj3t I JlC. I jj 9 i ^ j I Uj Jc. ^$J>^ $ I Ur *~ ^23 

4_j-£jL>J I LuIjjLlxjj 1 IjVjl^t-fl c 34 jj 1 c Jus . jj 4^2! jjL£1j_43 

L^-43 I Jl it3-t-u I J CjljjJI di_JjJ>0 ^yJI L2J_A JJ jil J_i_4_j|j (_j_JJ>2 I _}L^jLj 

. jIj_^JJ 4jjjJ! j^tl ^l3j cjLlJ 
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>£Jt$ mLmU 



1 ^-Ual ^3 4j j ££ j-LuiSLjj^ 4a ^La t<n a ^ t ;( 1 2 — 6 ) J5L-JJI 

L 3bj L^j-u jJj JjIjoJI ^j_4 4a Mi aAajoo 3joJi)l 4 _o^j^j 4_g3*-u» 

^yJLu^Vl (J5L.JJI ^j— iiJI caUiSLII IIla uoJj-a ubL_ol) a.‘w3 13 4lj_ II ,JSL_<^JI $ ,,^,'it 

.(27 jo-jll ^b 


- Marvin L. Minsky <<^,£2^1* ^ <^b j>L«» jj ^objjaJI j_ul 

0jjju — ^^y-C.1 iLa-ioVI — II Jloeaa 3j_^ Ch ^JL*J1 g. U- l r. jja! Jo-1 

4 J J_ 3 _C CjLaJa>J1j d)lj jJJ ^^^aojoJI J-l. I £__U3_3tIiJI Oj^3 

4_o^LL ^JooVl ^-lLs ^bj_$a (J_g_C. JJu-oa Lai )) : 1 ^j4 ^JLb 'O Jd *~‘ 

l 4 a 1~ V 1. 1 gl^o-Vlj JaL^I (j^> CjLs^aJaja (^jJI t^cJ.1 a_« 

^jVI £_a_L^lL_ua V 1 4aj) 1 lo 1. 1 4_b^_*J,Lj Lat-Liua i La Lb 

jJ . 4a Jj-b 3jj_to Cjla^SLtl ioJJj ^joa gLai j loo VI I Jufc 

g La tjr ic. 3jJ>l_3J1 4a Joa tfuaJI ol JulJJj 3j_^o- V I (j^a^Ld La jJ (jl lajj ) ioj 

(^albj VI JS^-ia i_aa La_g_$_g (jLb 1 3 Jo- 1 ^Jl 4_aloJI ^^b Jal j^£2sl a_bVi 

( 31 ) t ... , 

. « > ]r\ £)°\ OlJjJaac 
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4_3jj_Io CjI j < 33 4_i ^JLglu (__£ jJl (^jl£JuV! ^ < 33 11 £-JjuVl (j_a ^c.j_!l ^ If. 
jlj 3 JiO. Ij Cjl JjjoJlj CiljjJI L_< -Uj3 (j|-^ 4 ( jr *_LO jJ, I £_ j_qot3Jl 

4 -u-lH 4 jjjLj J^Lufc ^j_a jJ U jL^oJI J^ tlu £-_ya_>o ^y=>j -i_i (_£jo.Vl 

3j_q J£ .cLaJI £> « jJ&jj I la g-*. < _* lU n iNanostructured 

(Jo. I (j-c Cj J-aj Cj J_a La^jlot_q j^Su < 4j^jLl 11 3J^o.Vl J^Lufc L^_l3 £_u-o_i 

jl cdjjJl) 5 j-^Lu-ll £ Lj tl/Vl dl3 4 j < 33 1 1 Lujljl 

.^joe-j 45 Jj^_> ^jJl jotill (jr^- L$jL*_ooo Jj*\ uil j l_£J c__cC.^Llllj t^CjLljJoJl 
cLSjJl (J7 ^ JjaVl (j7 l£- — (^Jo-Vl (j-4(j_aJ.n 4j_A(j*^l 4 < al3j ^-LaJ ^ jJl JlJuaJlj 
ilolo. Jjoe_gj Jj_uooJl J JJJ 4 j^jLlI1 4_u_l11 JjIsLCiJ LtSLgj La Ijl — ^jjfcljJl 

L^£j3jj — 4jjlo.I CjIjJ !^yA L_uL_ul c-^pj — 4_uLj_q_j^Jl jl !j-tl J-jJL^t_a (j_a (_^\JjEe_a 


ij j (jiaJUJ 1^ i L^jLjjJo. ^ol xoj £)j)J_tIi 3jljL> ^j_3j (_^ 


4j^jLl11 J^L^Jl 

4j1o.V1 4 Ju^LjJLs S3 .uLum^II L$j}LcL3j (j_a 4ooljJl CjI IjoJl (j_a 4 JjJJtai.1 

qLLu 4 _uoL>J 1 4 3 K3 1 1 j J 140 J! j CCjJl (^Jju dlj (jV 4 «^qju)) _j c_£j_<_u 

La t L^-uu-3j 4j3j<11 j CjL 3 _ 4 -o 1 j_Uj 1 < <<o3 3jLf.l (jLo-toj i4jjjl_<Jl 3J_^o.^l J^Lufc 
^jJl ((^yiZJl JU1» i^jUjj Personal Errors 3 u ^Vr i.ll gl U^ Vl Lr i*j 


. « LkiJ 1 j 3J jLoJ, 1 » <_j jJLaj \ £Lu 1 i 


Jl^o. j (j-C. 1 ajLL 4_3jL 


uJl 3^3311 i-u3 ^a-I j-lIoJLij 

4_iolo. 4_ul_j_^_^ 4 3 jj_Ls jl£Ju 1 ^ 2 CIjj ojI £> ^jdl ^ 


^1 jjV 4_jjjL<J1 CjI eijljj Jc.L3jj a 3j^_S ^ J-33 t 

^_j_aot3il ^a mL Ca^-C. 4 4jj_iL(J1 J^Ll^JJ ^ <nj3jJl ai-Ltil CL^3 C 



1 

Ala .oUKii -&3 ‘Self-Assembly,^ 3ijJt 

.^ijcj^n yi\ (JLaJ! ljls ^ui - J r.... r m aL.^ <ys ljlu ^1 

5_}JU. J^UJ! Jean-Marie Lehn J ^jLa ^jU-n jj 

4_La_j CjLs- 1 £ «Ll«jSL!I t n < ^ j c/^- 51 * ‘ 1987 ^L*J1 J J a_> 

jj-4-uo. aLuj 4^_Lol_3tll LLliSCt-t-u lj 4 tj;r LoLaJLl t—jljotU <_u 1 » : L^jU 1 4 3j gc.j 

4 (j^3 Llo-iSLI 1 ^a-a-A Cj jotuii ^ylJl Cj LgiSLl 1 &JJt> C-4 -jL^ La-J^J 4« (Jj_33 laJs I 

(jl Jjlj L-oj-i-oo. 4 J » 1 a ^ 2 4_ujJo.j 4jj 3 J£^Lj_A 4 g ^ a CJ 3Jlj 
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0 £jt$ gU-l fil 


p-Aj < L^j j - j i_uj I 4 nlo 1 1 1 BjTulLI. I Cj I j)L> I lIJLIj ! 1 

t J j_4^s-« j £_j!j (j-tiSLUl 4 }] ) l_$ i .i nj 4-^X1 jL>ol ^Lj-ud! »La-lc. ^j_4 

. 41_Li_l*_4J 4jLjj>- (jLoj-iVl jj_Laj ^yjj i_l Jl^j 


1 ^j| jJ! £_j_$_3tHj! oLlSli 1 loj < <nj Ljjjju ^jl Lu£Lc-sj 

tliJ jl CjljjJI ^j_4 L^U- CjLlLjjlJI l±11j l^u 

(J J ^ 'vJI dj-U 4 _uj^>JI JfaL^JI CaLLj^JI (j_4 4 4 tVi 1 4 CjL*_4j>u ^Ui3 

4 J^L^jl ciitJ4j^Hl CaLL^I jl^L^l^^^ljJI £_j_4^tlll 4_ii£pj_2jj. Lfc^^lc 

4^LLaJl (jfA 4_l£ L^-4 CjLjld* J2>L Jl>.^J (jij 6j, BB 1 (I 4 £)| ^Jl Lallj ^_yA i_uJ 

CjLjj^>JLj lLsLujVI ^1 (jjJl <,»n L^jLb uuVi i jla b jtit i j . 4^m 

1 ^ « j 4 •a-" j 4j^jLlII J^L^JI CjLIlJ ^1 (jr * i_uj BjLulj j] i I 4 ] 4_4^>-lBi,l 

j-uS 4 Jl C. lLILlAj o 1 ^^— 1 -uVI I 4 ] J^-B-^ej La d>Luj^>JI ^j _4 L^jI jL». £. 4 

t^«4l j_ 4 j L^juJ^I j _4 cLi 1 ( B-u£b p j_Bj 4 » j i to 11 ^<3 Bj-j_i£L 1I CaLuj^J! £ 


CjLujjj-lII CjLLjjN. Juuj.^ljJ! £__j_4^eltl 4 jUf- (j-jjia (j^- ildlj 4-u-j^->J 1 JfaL^J I 

a1^cj>.V1 B cj LL j_>J I Lilli] Bj. ni 4 II 4 I t La j)4c. Colloids cjLj^-*J1 j q^ajJI j 

LU * 

. Ill 4^JjJti, I 4_UJ^J>J I L^i^Lufc ^ylpj L^u-Bj £_ 4 J>U ijy jJ I 
^cjge lu oLlj)^>J 1 L^jj. Uj 1 (i ^1\ jjLlII Lp*jJjl£L 

lUJBj ^CjLI^JI ciilB ijr lc. 4_4^5e_4 4_)l£ljj JlX>- j 4 ‘^i"i 1 LlBj 4 _uIB Bjj uzu 

Jl 

lILIi 4_4J . LaJllB-U jljJLl 4_ujj^>Jl ^Jj) (J^-l (^yA 

4-at-u-Lail La 1 / Btoj 1 4 111 4 j^jL ^J^Lufc (j^£- L _ jjj J B 4 a (jl 

BLj ^ll c_jjJL_oIj (jJz ju j_4 1 ^ gJajt-i j_4j?&Bj JLj Call^Jl clUlI B^-Ls-iBJ 

4jjjLl11 j! jJJ (J^Lufc ^j_4 4-4 Ifc-ua 4 C. J_4J?e_4 ^Lul ^j_4 LL<L4-> 1—4— d 1-0 1 BjL> 

i 4 _lj 1 j-LujlI 1 ^j_4 ^ 4 -C j-1 1 * 1 ^ J°> c—J a-£-^-4 4_u L j_4 t j^J 4_u L^_ l£ 1 ^lualB 

( <JL*j ^ jJl dilLjj_>iJl uujjjj p j L* ^j-ujLstlll p J l£. ^^>.1 BjLlc. ^ s jl 

Ijufc J>L»B i_u! 4 jI j-±£- ‘0^*1 1 ^ * a CjLj >^-11 l-XL ^_4^>tJ lr. 

-L>- V Bju^a ^sl jlc-J ^SuCu B J jJl>. 4 I ji. 4 jjjL J^Lui j-Lul ^ £ 

4 J 1 4 r. L^ 1-0-1 1 ^ 4 4^1 1 (J-4 1 Jjd 1 ^j_4 ^ JlC. Li! Lufcj . I ^ 1 J-4 

: t _ r lj L 4 -J -3 Lfc^J>-JJ L^J-4 4_J J)1U1 1 4 4 ^ 4 II I^BjB >Jj jJI ^_J_4J5tlIl 

J> 

. \qiS)\ 4-4 JlIcILojJs 1 CjLljJ^>iJ I 4»J lU — 
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. Intermolecular Interactions djLuju>JI £ru - 

^jJI ^^1 4u^Ld_i1j ^J^-baliJI jljujl 4 _j i_o^SL*J,l — 

.Reversibility 4 j1jul]Li 4-d^. 
.Molecular Mobility 4^ ^u>JI Cr Li djli^JI 3 jj^ - 

♦ 4-lLojl] 1 4_l3 ^£a < djJI — 


Jjv - J I 4-nJ • 

((cLlLsjJI ^ Lu^-tSl! 1 » dl 4 I Ul JjjJaJI ^ Ju>J 4_Sjj_LaJ! o 'j It Juu 

fOj da> - j. ■ L L ^ fcoJI JjI j cJl u ill - Wet Chemistry 

4jj) II jlj II Colloids CjLjj^x. £> a 4 4_4 jLL 2> ^-Lul ^ 2 1 ^jto 

Ju <_ul£7 (jylc- J ol j-tl 4 a 1" -^t-a ^Ijj^ 4jj auulII jl IjJJ dl 

s 

< al-a-Ti V O-p- l 4-u-lU 42j J u-u « Jp. — J j) /^il I » 4 _Sjj_U j_u juj . 4jjJLaJ I jl j 1 1 

(33) „ * 

4_J_&La (J J-U^UUI £) 4 JU j_I,J . 4u-uJ Ll 3jLd> dLpj_<_4 l ^lc 

J? 

(j^a^U alj-all J^-a-i t L&^^lc dcL>OI ^ — ill d I jj) Io~< 1 1 j L$jI — liu j 4 _ojjJuJ! 

(j-G_u I I ijlill (_u (jy^Lc .jUI ljuk 3 j-l$j dLU j_a (jA^ £^LIoVI 

t 4_ajj_LaJ| ^Jl^J 4_j (_jL_o^I La-$J j^Ijuj / ^ £_pljJJ dll ^ al ^j-a 

• ^ ^ (jjo I J-tt aLa-bd 4_u-uut_dJI djLuSJJ 1 a ^ a jlitu LaA^ 

^jl «(Jp — ^Jj-uaJI)) 4 j 1 a c. c h i<~> (^oL>JI aj >JI ! Jut 4uL£ JulC dulj J 

^Luj dll J)U^ 4 Ah t,l ^J^IjJ.1 C. k J^lj I 40jl JlC.Li d<-a^ ^UJJjU 

4_jJ jVI jl j-tl diLi_uuw ^_o^L_u_a 4ul jl {JT ^ t 4_Sj^_Ldl oJJt I Jlojj . 4j^jLlJI jl I jJ,I (J^Luk 

t (« I » 1 3 - 6 J< A 1 1 ) Precursors <J J I j-cJ I 42 jI ^ 

di^LcluHl] 4 uc_ujj . jl j-aJJ AlkoxideS 4uijut£Lll Jiaj_ul^Vl ^)_a La LJLc (jy-Aj 
jl Sol ^jj) <^H» ^ i dLi i_3juu La j ijJjL>iJ,l L_aJI J i_uJI 4ul 4_o» 1 <^1,1 

J? 

4_ajjuJI 4 _^jL^ 4j^jIu dLu_i_>J u_<_<-ul jj 4u ^_iLa-i 4_i_Llii t« ^Ij^l 

t(JSLcaJI IjL^j^yi-t-a j_A La-a^j-oj^ill ijr ic.j .^«c_i)> 13 — 6) JSLdJI j_A La^ 

dllj ^JU ^jl ^I^JI LUSLa -1 ^Lb idilu^udl dLL jluul ^j_a_uLa_a 4 j^_i1u ^1 
4 b> < (il a 11 l)- 4 i£-3LUu 1_4>J dljJu ^jl jl jLju^I 4j^jL(JI ^IjjlII 

.^jJIjj-u^I 4_jJl_c 4-u j^uSLI V I diluj^ ( dj^SLil. 1 ^j-a 4^yLa-»-I I j-la£Ll1 I 
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>£Jt$ gt-i<St mLmU 



iUjjLJI ^Uu) ^J^-lj-4 jj^_t_j i.N t<i44 ^ylaj-La^o ^ <»j :( 13 — 6) JiLdJI 

> 4 > 

^Ujj 4_4_ti>d Lull ^ jVI 4_JLj^_LaJI -Lslj ^y-D! i4__j_jL_ 4_4SL1I (((J__ >. - (Jj_u£iJI)) La 

. 1 u^i T I JjLLaJJ ! ( >r i£ ^jLJI l j_4 4_43%.ub uL^S 


o j±x ^ L 3 £“-* 


4jllV! 4 j 1 4 f ■ (j-4 jjLJ! «(Jj) -<^aJI )) ^ 1 JlscILlm 1 , ,. sa 

1 4_s 4jjJLi]l j_l£. j 4jj_LiJ! Cj belli I J 4 1 jJ.1 ^_La <_ul 


L$^l_4 j-uI b" ujj t C j 1 ^ i lo 3 jj us l ^£i 1^**- b uu\ 

j ** j> 

JlJU j . (« J» 13 — 6 J^Ljgjl) L$j i „Vl c,"mIoC. 4Jjv| JiJtll i_uVl j 

t4_ujjl£LlVl £j| j-jJI £*Llul 4-4 jbd (_all J 5 j_L 2 .ll da f_u.il ^j-4 4bjj_LaJI oJJb 

l_^Iul_4^>d CjIjulJ.1 < dT 4_jlaJtJ 1 I gjlUl (Jj ^ H ^jbelluuJj . 4 4 K~ L^l^Ij 
illLJ! ^LId^Ljj . j i^j lILj j I j i^lLi (J^Lll! j) « 


(J£! uuJI) 4_4JJt_<JI 4_Hjl_£ 4jJjljJI Cj Ll-U->J ! Jfcod (_u_4 ^LuV (( (Jj) ts~i 1 1 )) t J lojj 

1 dull Lgj Llj_p» £__l4u>iJ <-dJ j Juu 4 4 a 1" -re-4 ^ I j 4 l j f ji (« & » 1 3 — 6 

^^-4-5 i 4bLu^_JI 4_jJl_C 4 _lL-£3 ^ Lt-U-'V I 3 ■ u2S *- 3 tl-t-L>. ijai-lbJJ 4_b ljj I JJ 

. 4 4 \" ^ U Cj W l j di l_I_i^l_4-il dill L^al Jiitluul 


121 


£dUt 


(«^»13 — 6 (JS! ciJIj 4 _Lq * Li,l 4Jljjj > Juu « <J I » 1 o^jj 

5- (37) 

4 4_j_a^L& jl j_4 Ljuj <_u Li_u2j>iJ c 3 3 ^jJI t w 7 Gel j»>L_ 4 il 

L$_£J j 4 4-lL^d VKxIi I L^jIjujj>iJ lt £ cLj 4jjjL) diL^-j <_4i^. ^j-C SjLlC j 

4^L^VLjj . («_$» 13 — 6 jSdlJI) 4 _jJLc ^U-u j 4^ ^ LdLa j-i£. j 3 jS*j 

4 4? iH 3e_a lm I j- u3aj>u dllj£ (Jj 4 s~\ 1 1 ^ i_4jj 4 ^Jl3j La ^J! 

♦ L-t-uljVlj ^ ism llj 4C^LiVl (J-^- 0 ‘4jj->L<i! jlj.1,1 

j-xfuJtil CjI jJ i_LiJ! \j-u£> ijJ^- — 4_3 j^_L> Ju3j 

L^J>L>- ^33 4_3jjJ^J1 Q5^j 3j_3j L^s tij La_4 43 j-jjvVI 

:4gJLJl t-jlj_4_uVl ^^1 i-iUjj 4^yjl jJI £—u^syi } I 4 j 1 ^ r. 

.4j^j1_lII l\ jJJ l jy> 4 a 1" 3t_a ^\ jj! ^LjI L$jI j lo~>- 4_1 j ^ < <ij L^3jj^_*a — 

j! jJJ CjLi-t-gv. ^yc 4_^it_t3s 4 _i£.Lu-£3 CjLj_c^ ^L3I ^JlC. 1 $jjJu3 — 

(J juzlI 4_jJLc 3 j 1 3 m ^3La3j 4 4_u_»JI j c—u^Uil 4_4_4i3 Lstloa 4 jjjL<J I 

.% 99.99 ^1 

s j? 

. ^_u-3i^t3J I Cj \ jl f- 4 4 3 Kl (JjsVI 4_3jj_LaJI Jl*3 — 

4-^-pa l^-j-t-ui I _}l jJJj ill3 LL 4 - 4 J 1 ^ L>» 1 4jj_jLj ^1 j_<a l_^J^L>. ^yc, ^333 — 
.^oLiic_)VI 4 _jLc. 3jI^j>. CjL>-jJ JulC. 4<Ll£! j 3JJ jljJJj 
Precursors j_uJ^t3j1 4_3 j 1 ^ 4_Jji c 3jkj3 - 

j> 

. 4jjjLJI ^LuV ^jL 5 t 3 _ 4 _ 4 g 4 4 3 K" 1 1 4 4 ^ 3 -a- < aj 


V 3 un 3~il) JjLuiJ 

1_La l_3_u^^ 1II J3l i_u^j j / ^i 3 j 


i ^ 3 jIq^j ^ CjL_L31I! j cjIjjV! lLUj i 
3juJg>JI CjU_cJI t-^LxTuTt^l j L^_uol jjv (Jsv I ya 4^111! 4jjjI_lII jl jJ.1 jLujvI 

^JL^c-4-i 4>0^L_JI j till I £-j_4J Bjjj-uo (jLb 4i_fJ uj 4_^j (j-u-jJj . L^J ^TuaTtJ ^III 

jjj JlJ^j i_ul 4_3 jI£ CjIjL^j Lo- ji 3 -i^j 

ll ^IaJj 4j^_3JI 4_la1*JI 4-uLUkJI ^jjJ 
. JUJ.I I g.La-l<JI (jy ^ jj 4j_4_uI_4_4/V| j_^1_l*J! I 

Ltl^ 4 j3u3jjLj IOOj 1 (jy 44^11)1 jl jLsuI ^-4 j_u 1_3_^ Lc ^>.jj 

jl 4 4jjL5tIL_u_4 4ijiJ (^jJI j^xoSLH i^lXa 

ijyju^ 4^j?ej>JI 4_uJuJ,l ^Lt-u-'vVI lLUj £-a d)- 0 ‘4_3 jL_u 


jlj dilj (J-l*_ 

j_A 4 L^jstjllu CjLv-j 
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QjJb 4j|j O- 43 L<_t£Lo-s 4i_u_uj O- 43 Ju M£> 0-°J .3j_j_i^ 4.3 Jj 4 jlJL) 4jLl*_) L$_cul o_>. 

.Cil jjJI £jjQ i jl la^l (Jljial £j_<au5e_o 0-^- Ju^u V ^^Ull j 1 1 Jl>- CjL^_u_u_>JI 

. <L _ugp]| L^Luj^I a_>- JuJu>uj Lfc^ic. ^j>JI ^j-cCx^LiJI O^- 43 - 1 i3j_JoLi_o 4jj)j 


2Luj^tS3Vl lj jjjSuMjjSLJj I 

3 t LajLu^jI 3 ju^io cJtL L^-o i^jL-uj^U 4 jj_uu_JI 3j jJs ^j! Lc 

^j^jJLa ) ^lA-llba 1 ^j-C LajLjuI (J-3j ^1 «:Lj uuVl Ju Ju>UJ j_u_OU £-J-LG, uuJ V 

3 J_33 (jr^^ t4-Uj-<Jail dilu^ uoJ^SLlU . (J_ol£^ 4.9 Ju (jILo julu 

CjL^j i_uu>JI oJJb jjlua Ju Ju>u ^LoI 3ju>- 1_C c 331 iBjuQ <_3_Ji 0^- L$_l9 j juSuJ I 


(J-33 ^1 4ujjLlJI jlj II jL*_j 1 {J\±*2 ^_jiaIL 


V Co> 4_ 


Ul 


5 c^ 


JSl — ljjJ £-Jjuu*- I ^<uj O' LujX. 0^ I jJ . ju-ojjlu 200 £j£. — lu 

Electron 4uujju£LlVI Cj Lj^£Ll^J)^£LJL I oljJu9^u^-La3j i 4_o Ju33_o 4 _o ^SLuu j j^Lj-o 

c-Ajus j) Magnification <iVl j_u£; ^ L^jjJa *ukjuj ^Microscopes 

jl ^Xl c rij t,o jjj Jui-oj J^i O - 43 cdJ jj (3j_o <— 3Jl ^ IoLoj (j^uLa jutu ^ II ^jVI 

3jui_^JI cLuTuVI ^-L-tSu O - 43 ^^jJI 4ujj)^uSL1V1 Cj Lj ^ uuj^oi I qSLqTuj . 4j^jI_lII 
.jL^o>JI AjutiL-uJ, ^Ul 4ut_<Jolj Lblju^i I 4 I* ^ j iCjIjjJI (Jiio 1 1 ju>- 

4_*_iioi (Jii-O i4_*Jj-o_uJ 3 JlC-L_u_0 ^ I jGGi-o-o I ^UJ Ju9 4ul O " 43 ^CjJI ^JLc. J 

Ly *\ ^ (^ju c. j 3 ^ i X-ray Diffraction (XRD) 4 _u uJI j^^pJI 

(Jlj-LaJI i>JlA O' J- J f- i4ujjJLJIj 4 -i_l-i£jI<J I 1 I a ^J -^ 3 t4uae!uJH 4 u^uLlII jl I^J.1 

d 3 \ 1 1 O-^lj >21 JUJLrtuJ ^Eal£^ ^LufcG a1a > ^a j _lC. 4u J.j1 3" II 

tljj ♦ 3jL<a-U 4 ujij1_lII 4SLuUI ^Jj>-Ij oljjJI 4 _uLj£j jLsuVI c> _u_uL3_^u 

^^LuuJI 4 -u^uSLI^I dslu^Si uoJj^LlI,I Julj 

Q-A-ulj Io" uuJ V 4ujJ 0 -° t juLlII Lu>- jJ j_i£u ^J_dljL>a O - 43 u )-* 3- *- 4 

. I 4 J 4-luo-Uj^ 4^^<a I 
0-<a 4^l_kJI ^ ILc. l_c.l_* co 4 jujjuSLIVI CjIu^! i_oj^£2_fl ^JiitH uuJ ij 

jJLl ,j -3 Vju Beam of High-Energy Electrons cjI ja^SLI^M 

J? 

L^jjJl^ ^uiaju u^Jl^u lILI i4_uj_ciaJ! Culu cujj^LJLl ^Ju^3 uu_U 

. (j-o-u l_3_l, ! J ^l_?e_>» VI 4 _uJlLo g. I_luo V I j-liSu 
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jvi ^uuUi LjjSLuijjSjJii 

Scanning Electron ^ <_uUI ^jbt3 lmj 

45 v-l<^<-uJ 1 CilluJI ^-la uj ? L y*\ y>» <^b Microscope (SEM) 

- Morphology 4 - L$K b 4bj_*_«$ t 3 jUI ^ 4 3 _b ^J! ji 


<_j^S i_uj^£!_j_tl I -la ^_ujj . 4_jj>-jL>JI LajLuI ^_u jjliLc jujirtlu j3!lj 

£-j_<J Lib j i2>j c c Cj 1j-« j lLc. b"V 3 _}Lc. j, 3j 3 

J? 

jlj J}Lb- . jL^j>JI I Ji$i ^ jitlLcui, ! 3^_o-j i 4ib_}j — i_uJJ jL^j>JI 

(^yb 4J_>-| jJI j_L^l_L*J ! J J-L>iJ ^j-4 (_uJ^£LJ,l I -LA 4d)l 9 \uUS VI 

. 3 Jljjv 4b -Li 1 1 i « <i ij 4_Lj_*JI 

idjLi u, ± £A\ i_dJj £-J^j| Jl>-V 3jj us (14 — 6 ) OJ I ^jysj-suy 

(IS — 6 j luJ I Cf^ La-bu 4 4_j <_u_ujJ I 4 _j V Lvj uj 4_tic. 1 ze-us j-a 

jLtl^l i_b-L$j La j LiTl>. I u $l\ ebJJiJ CjLLlC. 4_ij*.j J^bj^-4 3jj us 

ji 

0 -LA Juuj . ill a < till 4 3 lit -7t_c CjL3_lL 4-LlA 3jj . uaJl ^^^b 3 j_aLLJ I t L^Lca 
4-tic. J <j\ £j£uQS La LlI ^uus^j iOJuJ-C. 4iiual £yc (JL_a 4_lj-La-> t3jj is~i 1 1 

j> 

. j Lg^J I I -LA 4 to mi I 3^_tiieJ, I di LLulI Li <Auus L>- Cj La ji_*_a ^j-a 


jib LJ I uj^Sulu ^ jSJS ' 

Transmission Electron jbLJ! m.,j 

^uLU ,-ujji-iil i) v b diib ^ b <Gt b 4 Microscope (TEM) 


lL3 jJ 1 . CjLLulJI j Lll>. I j ^ 3 1 CjLjjII^LIVI Lc. L«_tTu ^ V 1 

C CjL-JJlJI ^_La I_ui ^ySSC-OJ ^j-ulil I_ujj^-Jsl ^J-3 j jJ I 

4jj Jl3j jb LJ I I y_uala 1 4_t^t_L i_ui I 4 _l>. jJ ^ bj^i.1 1 I y>~ 

ji 

^jiLill ^jj^i^LlV! ^LlAJ! jl i_u_4 ^^yb £-usyi t 4 -LulJ i 1 ^ ic. 

JSLluJI 4-uJtjl ^-^aj Cr^"^ Ji 4_tJj)^ItSLI V I 4_» J_jJ jj 

^^^yb ( b'-j-o j_a La^ t L-3^l L^jjj_*-£d 1 Li 3 i_u_c t L^J^L>- ^j-o bLiillj t(16 — 

4 4_Ll*J 1 (jyL>- ^a ^EcJj ^Lt-coJ I blhj bL^-bij . bil 

L^_« Ltis I ^L*_JiL! ^_uj La-4 1 4 3jbj 1 j 1 <; < <■ a 1 Lftj 

» 4ij) ^ mM L^_L43 blbJJIj 
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>£Jt$ gU-i<St mImU 



V I CjLj^5L-<.j jj^Ld I -L>-V 2L_t£lj^£j££ 3 jj-j^ :( 14 - 6) 

. 4-uLjLJI $S, ^L> 4_Jt_<»L>» (> _ y 2 4 1 <fC. 4_4_L>iH_i^l (_£ jJI 4_jljI uJI 

(8) 

4jLj^SLI If. 1 ~>i ijL^JLJ lU^ ' jujojj 



4-La LU I^J LAjLJLa*! j^J g h .T^XI ljL-L^ t ,>y :(15 6) JiL-iUI 


(16) 


cj^ji^SLd! 
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jJ! i'iL3_LJI ^yjj^HSU^Tl liaLJ! l - i j 5L m ^SLi<a J J 3 j^ao :( 16 - 6) JiLlJI 

p-ujj iSj^uaJI ^jL>j j 6^*23 -4-oLjLJI 3^ $-& 3-^ 4-ji_<»L>. ( _ 7 ii 4 \ <±c, 4_«_L>tIl-<^l 

(g) 

. 4 j 13^511 L >u^^A ijL^hJLJ tr La T *^a_>o 


4luJu>JI 4 _uj^H£L! V I Cj Li ^L<_u j^SLJL L 4_^dL>iJ ! j-LiSjiJ I 3^9 

— jJLcjjLi 0.2 0. 1 i^yA — 4_J_£>l_U_4 4 j3_} £-A i Oj~G 

i4jj^laJI 1 jl tl) diljjJI c_<_u^jj 3jL$JLJ 4 -lLvI jJI 4_u_JI 

.(17 — 6) ^ j s L c i JI ijr £ ^_lo j_<s 

j_jIjJI Low jJ 4j^_ 3_1I 3l I jl^LlII i_j ^SL_u I juu^ 

. jJ 1 gK U^Lul (j-oJjlJLa 4-JJ-lljJ! jl jJJ 

t4jj_»l_<JI jl j II 4 jJ_3 JljJokj < jr lc. 4 jjjJs ^Jl 4 ^Llo^Ls I j J£> 

c 3 to Li^ . I £L£a\ 4 Ij <^4 * Lfc^LsuI ^-g_uL3-^ d< > Ju 

I ^_>L I ^ 3 <Luj^pS2V I o Lj ^ i_ojjj^LLL I £jjq £^_l! I I jui 

tol 4_4jl_3_^ iSj^LoaJI t jl ^ I 4 to 3 ) JlL^ t3^l <LLI 4_xjLjj_m]| 

(jib 4 llU 3 ^i ^L^VLj . ^ jLu^-^L! I 1 ^ lol tiujj 1 4-u^, 1 1 4_iij_tojJ,l 

3jLil 4JJw| jJI J uol_L*JI (j\. uu 4-t5L^_> jL^llII i_jj£ I 
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1 * j j 3 7~ 1 (Jjj-Ls jj-C. liJJij i4jJLc. 4jSJlj 4 1 1 H i i4j^jLLII 

Energy Dispersive 5 „t l 4.03 >U w A^Ut l chilli 4211= 

. X-ray Spectroscopy 



L^J L^wub 4_4 1 ^ Tyt 1 __J L_iX. V 4_uLCI»UI 4 C_JI 7r . yj 3^ ■) ’ :( 1 / - 6 ) ,JSL_3iJt 

L&jLl 2L>>I -3.il «JU 4 _jj^_LJ! 4SL< tiJ ! CjIj-lJ I w z<*St\ d~>'A . .<ti 

.(16) 4i3 _C I Lc ^i^jZSsJ V i -is LJ I lj ^SL mj^SLd I 4 In <» I I^j 


jLlloXI lj b ^5Lm $jSL 

i ^ jc. ^_u i4_uj^n£LJVI uuj^£Lill t UL-u L^ 

i Lo_l£ J5 1 t.-n'*-^ t 4 j^jL(J I _}! jJ.1 CjL-LlC. ^j,n '*-4 4 _jjI£!_cI ^_oj ( j bljJl 

LiJJli ^_lC. La 1 j 4_a>- I 1 ^ is>\ y>- ^JlC. i &j, jOJI 

JjL-uJI c.jo>JI yS is~< 3" i 1 ^ <f. La Jo>a uj 4 JjLajJjaa yc> 

t4 4$ Uj 4 3 j4 jJ I CjLajijtH t-d-L Cr^" J ^ ljuk ^j-o 

Q^Sa i4_ajjo£L!VI Cj L ^£L<- u j^SLil I Ja^H luL CjLujlI] 4 In 3" 111 jj_oaJI (jl_3 

j Llcu-I, I La la ^£L<_ u J 4 1l£ j-uju t IjJ . ( 4-^-<-oJ?e-xa j-lC. j .ilouV! 4_uLa !jj_ao 

4 ^11 ljIjjVI <j * Scanning Probe Microscopes (SPMs) ^ l^UI 

jljJ.1 CjLllc. ^ln < oT (j-u-jjl Topology 4_OwjJ^jjl^ 4 i_ulj Ja 4_t^L>J! 

Lala^£! <_ujj£LJJ tiJJj y°i I Jafc . 1 ^jlf. Lalj jJ! L_<_jJja 4 bjaacj i4jjal_<JI 
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^J-u^aLaj 4 4 jJLc. 4^Ju (jLjtjVI 4_u^Lj) 4_<a lj±sz-a 4_jj>. ^jjJo Ijj us 

i li-La-t-uJ I t4jjl^>JI 1 4-uj. 1 1 (JlLa) 4_uLjj_j_3JI 


(cU^jLkJI CjI jL^jvVl 4_ajL3_4 tSj^L^aJI 4 _j£1_u L£L_L I j (4 _j i « jIoLulM 

. 3j-LASfcJll SjU! 4-LlC. lo < (I I 

I ju& Ld ljj Vj£ — cj Lj f_o^^£LiX I I I jl^J t-aTuj 

4 4 _*_l£)j 3 j-ll LJJ L;r ic. 3 ljl <J!>L>. ciJJj 4 _jJjLj t j_a — J ua*S\ 

«_ajJs3 4 _jL^_! ^ b 4I1 _lL 3 ,Probe» (6-18 «f») ^j_a ^eJ,!)) 1 $^\c. jj 1 Iqj 

. c_ ) ^ S L^jj^SL J L I 


^t^Xt ^r.Pn«j 4-u/lj^ A i 

$. 1— uti ! I j_a llil l i jjy ^ ^ < a (J! J <-u LuLaoI ^1 j^Lilb j jsj 

(j I Jlaj 4 jl jJ.1 — i_u I 3j oljjJI J — i urd ' 

cj Li j^ 3j ^uX I — o Li L-aj^Ld I i^j-A 1 i_uJ I I 3j ^ ~s. I L<J 

uj^ L^jLl j -cv. jLslj! ^.u-ulJLa £j c. 4_3_l3J> dll c jJL*_a — 4 .u a^It^Ll V I 

i<J! j-caJI ! jafc ^j-C. 4_iL>-*y I J-lSj S4_jjjJ_J! L^HSLi — d <Ji.| j L^jIj j c-l-jj 

Lc L^_l£ Lj xI^Lj a L>^_J I i^wr U oUr 3 ^L-lLq j^ju I jjl 

ijr lc. g J (jl L^J Lxiu ^_yA 4 4_*JLi 4_J_Q_A>I £jjA 4-jJ_il_<J! jl jJJ ^ t <i 4i!u_i 

J I jJ, I { jy^ 4_j^_i III 1 J I jJ, I j-i-du c 3 4 3 jUL 1 ciJ jJ i_uj 1 jjv 

lLLL L^jI j3 4 1 ^ tt I^> ljj I cj L>- Lljj_ 4 ^LijjLi 4 j 1 3 j U 

4_j^L>J I 4-u Ljj. j 3 1 1 j <LuL w SJI Cj j 4 to <^1 iVl . ^_Llj_uV I 

^_La i_4jVl 4>Jui c 3f.l xJaJ (jLb 4^_La i_lJI Ldil^ CjJu>o 3^L« ^ L_i 

3^>.jJLl J 3ji_p^>JI 4 <^1 iVl (JJUj 3j_ia£j 4_j_4 3^Ljj Lo_3 I 

L&j_j_4_s 3 ju Jljvj 3 juj-3 C->La-j_u j^-Lj (jl 4_j l d I ju^j 4 3_}LLU 

. -il jdl 4j 3 i 

JL^j>JI J J — jj ^ ^ 4 J 4 a ! LlI 4^<u A^ 

U. , „Vl liLL L^jIj3 c-j-u^jj ^_jj^j 4 j3j^ l_j_j_3_uJI^ cll^c-J' 

4 3 1 1 1 C-iL; ljjJI ^ ^ys I j-kJLi ^_4ijL?tI<JI j! i—S^LLvVI 4j>-jI Lrl^- l — ^ 

* S jl>- LT i^. 3 j3 J^-j 
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gdilUljt I mil CiifjSLujJjSuut Ijl? 

: L.j. U! J Ll<-U- 1 I dl L (_U £"J 1 i^yG Lj (_u_O j Lc. ciJ Llifc 

Scanning Tunneling Microscope (STM) j^uiUI e_ij£L^£-d! 
.Atomic Force Microscope (AFM) 4 jjjJ! 3j_£]1 


^_OjU' ^Ja flit I L_> ^SujJ^jSuX I 

£ya 4Jlll t> J_& c-j ^SL<-u jjj£Li-a JjT jc-L-oUl 3t? ill ^-uju 

^^- o > I UL-u L£j 1 ^ IxJI^ uuUI ^ Li-t-uJ 1 CiLj£ 

Gerd Binning «j_Li> <j^Ul <jrdLc 4 lo lJjj 1981 *JI 

4 LL£ (jIjlUIj i Heinrich Rohrer ^u-u^Lla »^ 

^LjlII U-<_uL3j (jl jJlj t 4j j_t_uj j_i_uJ I ^j^jj «iuj- 4 J 4_uL£J! JBM ^^yj 
♦ 2? i » H Ijufc ^c, 1 ^ ^ f 4^.^1$JU t^Lj-udl ^_y^ 1986 

J-4-Jtll 3j£a - 

4" ^ ^ <a )) £,|_ilj i-uli, I jL i_uJ1 CjL luJj^Lw ^yC> I jLifc ^,J-3j 

Umi CjIj li ylc. ^-4-J i3_iL>. 4 _*_l£j 3j-jI J}Ll £>-° t«4_L^l l^lt-uVl 

4ji_l£jJI (jL i_ui,l) 3 ^jVI . 1 ^ <<ol jjv juju _i I^J I 3.il 1 1 4_Lic. 

J? 

1 ^ » j < x^aJ ^Cu tjl $j>J 1 ^_yJ^jl^ i 4 LuaHi.1 t3.il >JI 

t <-Ufcl<.uJ tBjjJl t?-L& ^y£ Jojl luj . j| t-toe-uJ 1 

4_<_u_4^Lc jlc. 4 -LulH Ciljli ^_y£ 3j3jJJ 4 j_cuL<JI 4-t^-u L^L- lX 1 CjIjL^>-^U 
jJo — ljj diljlij 4j.iL>- VI 3j jJI (j \ j J-$j>» Ji_d jj ^y£ t L 4 ] 3jjVI 

. 4_Ll»JI 3jLo 


3.i^>.jJl CjIjjJI ^j-c 3jj < 


3>$1 fj— "J 


3j_sV! 1 ^j4 j_j_j_uj ^yjJI 1 4_tJt (_uJU L^IL>.J JMiw ijJJlij t4_LL*JI 

1 ^ » 1 JlC. Lijj 1 4_jj 1 j 4 ^ j3"i < <1 ta 4 -l^-A j Jo jJo_>. yJc. ^ Jo_u 

3j jJI J. Io4 yJc. Jujj V Cl< t 1 4_uJu_ta dilbl <-u-4J (jiuu 

7cJo i_uJI ^ylc. 3 jjVI J-^ i ( - u J^ 4JL0. jJ! oJu!b j . 3ju»J jJI 


^yjj_^J I J Llll 3 J tio CjLu ^jLa-loJ tji^JLl lXIc. LLo ijjjfc j ljj *_»-o 
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l ^ 2 iS-^3 « l-4_4 4 43_il3 4_^_jb J lC. 

i_Ls j) lo •>». 4.L ua LaJ I 4 j-LuJ I Cj lb 1 (_uJ, I 1 i_uj 4 1^2 L>d, I 

.4_j_4_Aj.il 45 Li_JuJ ' 

3 j>L_>J I 3^jVI dJ 13 c_jljJl2l jJlc. 431 ^ II t L_La 3jl <h % $\ jju»uj 

- *L>>g£l! Sjl^o. 4 Ajus j_ 4 ol j, a_^ ^lj_a <>_« 

3.il_4 — 4 -Lu 3 J_4 3.il_4 ^ Ip i a ^j-4 4 __}j_3J Li — I jl (y^i-LLSZ-dl][^ 

Tunneling ^ 3^ < II jLuJI ^_<-uLi i__ 2 j_*j t jLu jJ j3j 431b — 4-LutJI 
3 j-j^I 3jL« ^j-^SLII j — $ j>JI cjr$ 4_*_^ I — i3i_u i Current 

. 4_Ljj*_J I 3 l_4 ^ \r\ i oj 


tUjJJi 3 jJil I l-j $SLuj 3jSLl4 • 

3j^_>.Vl ^-Al Jl>*I 4^_4_4jLL1 l? JLiI]I * jj^ i-uJj^-lL I jl t" C. I ^)_4 ^£jJI Cr^ 

4 jjLlII Ljj>» jJ j_£3j ^Lju 4_^L>J I cjL^Lcu3^VIj cjjj^_lII ^Jl 33 do I ^331 
4 4-uj. £\ 1 1 4-lL-^ j_L I dj 1 3 4 jjj till jl j_L I dj 1 -Llc. j Li3_>. I 4 I 0 32 ^ Ji3t3_4_4ij 43 Lb 

Gerd Binning «^_Ll 1 j jj_o* » ^Lb j3ib 4 1 3xJ . 43 l 3 j i La 3 ^j - 4 ^jJI j_ 4 Vl 
4 jj_ajj>- oMjjl »3 1986 ^l_*_JI ^b Calvin Quate «dil ^_4 

4jj jJ I 3 j_3J I <__j j£! Ljjbj^-LA ^_<-u I 4? tjr lc. 1 3lU 1 ^jJlj 4 c_j l-uJj^-J. I I Jl^I 

oMjjjlUI dJ d cjj? j—hi _(38) Atomic p orce Microscope (AFM) 

4 L^J < oil ^y=> I j Lp_>. I 43^_4 -j (_t 3JI jl j_LI 4jvI u±a 3 jLjj ^1\ 4jjI£3uVI 

I Jufc . 4-U j. ! I I jjl! I ^ I 4-U^, 1 1 4-lL^ jJ, I 43j Jj J I j_l I cl3U 3 j C-<_j_2e_) 

c__<_j jJ.1 4bj_L> J, Juu « ^u_5eJj » ^ j <; ^Jj Juu ^^yJI 4^L-b> VLj 

4(4bjJI (^jj 13) (jui^eJJ 4b^ tjr b 3jLjj 4 ^ » <^->11 4jLc 4 jL>JI 


.4jjjI_lII < „y 


(40 4 39) 


<Lu3jszS jbLu 4_j^l 




4^_4_ul_ll J Lu-U-L I 4jjjJI 3j_3_J! 4— i ^SL(-U jj^Lua c 3l3^tJj IjlA 

^ L>. I^yu 4_4_lA 1 C. ^ 3J 1^ 4 4-4 Jl^-U-oJL I ^_41^_L I 3 ^ l_4 ^jSLt-U ^b 

. ^j^ 3 i_j_ 4 _ 4 jJ I (J 3-4 44 JL-oj _4 4 _u 3 j 3 j 1_4 ^j _4 i 4 4 Hook i—bl lo-v (JS 3 il 

^Ij3 Jjl 2 4(( 18 — 6)) uuJI (jy 2 ^_l33J_4 I 

jLujvI LI 4-LulII ^_La lju (33^ ^4-La-±J LiJj-5e3JI ^b I Juj ?e-4-LI 
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>£JY$ gU-i iSI yUAd 


jJI CjIj3 ( y^ ^j-ujscJ.1 i_jjIL3j i4JLvjJI t?Jufc . 1 _<_u 

44_LljlII mi cijljli u^j 3j-jJ (ju j^Lu jl <_oL>o jJ jj 

(j \. xjj . ( LLs ^ I I J j) * is ~> ^ l£U I £-J J- 4 Cr^ ^ ^ Cr^l L- 4 - 4 

i I ij_A ol juvl 4jjj-cu-l I 3j) 3 1 1 i^jjj l_i^ i 4 / ii 3 ' J^LcJ! 

lo < <i t I ^ ic, J^_jJJ I ^-0 ^d_* di (_Ld i_u q£a t ISLI I £-Jj3 £_U3 ^-4 

** J? 

(j-C. £-J^jJl I JlA 1 ^ J 4 l_3j_3t_Ls 3j_4 (Jfi l_lU3 ^ILi^ tC_3j_SS_UI ^IjJli] 

CjI 3 Mfl£Lil {^yCt 4_C (j-aSL^Jj ^LjlAJI I Jl&^ ♦ 4_*_U3 


J}U>. ^ t 4^jJI 4 __JLl Photodiode 4_uj_t^j! 4_uLd]l Detectors 

dj 1^ Ltiu I I 4 < <i^> » < 1 1 j^_ tU I 4-*_ tiu i Qj* 4_oL3JI 4 -u j) daJt CjIjI d^U I_^Jjji><j 

j> 

^j_ujj l_daj (Jj Lus Laj jj-u 1 4 j3 JlI I 4_jJ Lc. 4_d Ij»c 4_Lijjj>. ^<uj 1 4_uj-^ 

.(19 6 ^ J£Lt_J I ^A_Ld U£ 1 3 Lt I ^c_La_<_u 


4_o^ub 4 _ljLlj dil <?. <7ilS 



<» 


J Ld_>- 1 4jj ill I 3 ^JLJ I L J £&ujj£jS-LA J 3 j££ J^UlJ ^y>uLLtJ P ' "J : ^ 1 8 — 6) ^Jis ill! I 

cr^ 3 j_jLj t j (^jJI jl^>iT) ^Ij 3 ji^hj t J^jJI . ^1^11 ..I 

. L^j LdJk. | *\jl\ 3^1X1 4 \ t r. tn < ii dilj3 ^ lr ) 
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LJ L) jSLluJjSLl* Jyj £j I jj! • 

j \_ j 3^ l - u 3j^~£- c iy* o^-il i-uJ1 ^Jl ^LbVL, 


t^-jj) Fn 1 1 j cLc^e-iJ I J -l 3 l_$_Lc q* a* 1 1 1 (J Ij-J ^ 4 iSy^ ^ ^ £-J jj ! J >. 

:4_dll<Jl £\^\ l_^_La 

.Magnectic Force Microscope ^o-lLLlUI 3j_£j1 c_j^£L - 
.Laser Scanning Microscopes ^_4_uU,l jjj-jiJI Cj Li — 

Near-Field J S^Jl 5 *jjl 4_=t <_uUl 4 - u j-U ai l oLi^ - 

. Scanning Optical Microscopes 

1 ^"( 4 JlJ 4^_<_oLU J Ll-t-U-l I dll_) l-uSj^-LC £yG 3j^St-lX 1 £*J 1 DJ^Jt yju£a^ 

iSjULl 4-LlC. t_uJ S^JuCLc t^_y=>\ y>- (jydc- 4 <2jLU1 4 jJL*J1 

: L4I4 

♦ 4 <^ 4 ? -a- <11 3jlj^>J1 CjL>.jJ JlIc. 4_ujjI<£LIVI 4-u.lII JljJlj>o — 

. Ll<mSL1 1 c-ujgpll JlJJlj>o — 

♦ 4j^ <^> 1 11 _9->dl — 

. 4_JJ 1j_>J 1 ^y2> 1 1 (j-LJJU — 
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i L^jL-Lv j 4 j^jLJI jlj II jJ_ 


) « Jj >~ I j 0-9j {JT ^ 4 o lo » H j 4_jIjJlII CjLL-^ 

(J_uL>JI ^ IL*JI <_u T 4JL3 I 4 Ijla 

Prof Kenji ^ jjj «_u Cr s^ jj ^ jyJ I 

LI *1985 ^LJI ^ Suzuki 

J M < n *>» Li, I eLuj I J jJ I^J l^-tHi-4 4-1 1 ,J_J l_*J3 L 
I I juk jj LJ I \-l> . jJSLj ^LLc 

Ct 11^ . 4_uLLJI j 4 i>jLcj 4JuLlII 


Ju_4 t( jVI ^1\ (^J-£b'± 4_jJLc 4_*KJI o j A 

4-pSLc jj juUI jJjs-jJI ! jl$j ^LU 4 L_>J 

4_UJ?tJ 4-t.U-(-U j-4 (j^LSLlI £_Lal ^lll 

jlj_4->J i4_4lc 4-4 J *?"i 1 1 jlj 1L ^LLJI 


. I 4 >.J J- 5 ^ ^ l -jj J-tSL J 


(-iUj ^ylsi ^UJ^LII i^jL^JI ^ — oiwi Vj 

0Jl& ju_u Laj)) :4_lLtoJ (jl CjJJjj 4 lo ^ II I 
. (( S 4-4 -LjlJ L 4_<_u j_4_i-I, I 4_jl^-iJI 


(jr^ ti-ij-JS o' 

SjLjj dilj j 
1 cj LjiL1 1 dlL 4 _a I y 1 ijj Liu 
ya J-ij-A 0^ — c i cr^-d ^ ^ 

7^-jJ 3 a t3_L)_L>JI d)Lll ijufCVI 

■ ~ ' 1 3 j . tVi 1 1 yc d-a J,3ia JjLsI 
3 3 J jj-aJ! d__p. jJ I 

«<_uj_3J! J -3" , ■■ 1 1 
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j-xscj)) ^JljLa ‘4 fJL*JI ^£ ^1^-11 i_La <_ujJI L)^ ‘d-4jJI dJ 13 ^£ 

do L£j . j_a III I 1 _ir*. jJ da 1 3j iLa! j J I j— a da Li -Lv (j-u « Lrt_a^l_<3 j_j i_ujj 

dllj Lo l_£> 4 _i-£dL>JI 4_u_3s_JI ^ jlllll 1 ^jlf. 3jLL*lll <Jl oVI 

j_A l 4l_a jl j Loj . 4_lajj_*JI <JL<3 VI dill ^ ^2L_u_a ^_a Juj < 4_*_1dI ^ lo 

L^_4 t I ^JLjJsJI cjLjIjjj ^-lLsL-uVLj — j_jLiJI Ljj>- jJ ^ I — 1 ^ ->> i^ia I 
— (JjjJI dill CjLo^SLv J — 4_a jUll I La 4_ujJ,l da L*_H?eJ, I (J i> 

^^ylc. 4 JJ III I I Jl31*1 4 4-Jj-cu-l! I £-A JJ ill I J I j1l< 3 3^£Ll> I 3jl3J I lilt ^£ 

4-l^Ic. da Lc. I Jl_j La 4 j>- ^ lo da L L&j I V I La 4 Lj_>. jJ jl£lJ I j J I ^J, I ^ Juju-o 

i « 4_j_>. L*J I ^l^_aVI )) ( _ J y_t£l i_u I IH^LJI £) c 4_C. j_ 4 J?e_i. 4_u_se_aj 

L&uLau ^ ill 4 3 j4 jJI 4_}-a^_ll J£l ill (j ^£j J lJ V j jJI 

^_a I VL>» ^-i-iJ I dal i_uJI ^l_i_La_} V I I lX-& L)^ 5 ^-iL»J I ^_ji ljj -I I 

■ .^U ,! (jj-Sil (j-a 

CT^ ^jLl 1 S_SjlJ3 3jlS 1 II ^^-<-U-L£j)^-jj I ^ If. Jl^_> 

^ Ul 4 *at3 » II j 4 _j IjlLL c rtl»U J_4_dll dU3 i_a Lu_u ] IjuJul 4_LaL<_uJ 

ill ljuk 4_ll J2 j| <jLj fUjiJI L^jl H I ^1 (jjL-lj .4 jjjL1I ^Ij U 

. 4>Lj] 1 j-oV la 

I 4jj U I I ^l_j_Li dj Llo ^£1 d_jj>- 4 3 j 4j^j ill I J I J 1 1 

Cr* 5 J-^^ 3» I 3^ ^jltl — (_uJ (j I L 4 L 3 3Jl>-I jJI 3 _}LU Jjltl 43 JljJl^:j 4_3ilie-c 

L^jj 3 is> (jr £ dixdlj-J i_uJ! jl 4j^jilll d> Lu-L^J I ^yC j 1^1 

4 (jld>l HI i-^ l - u ^- 1 _9 L^J^Vi ts>°\ 4 33 -uHi I dal la-3 lllll {jjz JuJull ^ 1 c. 

dLpa l^_j H I £ I j_43 (j I 4 dU H . 4 lL-^j O 3^ L) I L)— 4 I & 

^^-LaJl 0)] 1 ^1 n J) 3 i ii J lie. 4l J)^ I <M J. i-a5Lu V 4jL^Hl^ ^Ln.^ 11 (Jll-43 4 4jj_jilll 

<Lus I ij!e_i d!L_4 Ij_iH I ^11 c 3j^ 31 5 4ll 3 jl>- I Jukj 4 1 ^jlr. 

4jjJUI ^lj-11 La^H_>o ^ylll ^oljHI 4ll_a 4_ju_^j l-j. )L>- ^yjl 41c. 4ijjj-*JJ 

J^L>-! (jy ^ 41c. J J. t ^.j 4_c >» jj (Jjl 4Jjl^-> 4 1 JlA 4ll 3^u L)i^J Stlo 34 ( 11 3 1 

4_jL>.V I 4 4JLa_Jt_4-a 4>lj^l^jJlj j-u (_oj>- UU i-ulj-i ^ylLv-^-c ^JVL>- 4 1 Jl^Hsc-o 

.^jl^_i_ill ljufc 
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jjLJI fjjjjS 3 \ 

J-3t-l (jjjSd i _ T b JiwJu (JjJI iC (jjJj£d! J is~\ \c. (j! Lid (jjO 4_4J (J_4l_jJ 

LuLp. 4j i lo Oja 1 4 ^ aj Lu_uL_uI lj <r. Juu t l_La Loj*. I (jljjl <Jd (j- 41 % 19 


4 Cj I JlJ_& iJJjSLI lj 4 Cj Llu^-J I l-djJ (J_>- •^ lJ J) ^ ^ 4 ‘ ^ jSL! I I Juk lo < (I ^^yJ-C. 


(jjjjdJI cjljd j >.jj j . Nucleic Acids 4 jjjJJI (jo>l aa>-Vlj jj ajJIj 

^yliJ I 4-flJHifc-t I ^ I j 1 1 Cj Lojj>. (j_a j jl_a ^^^j 4 Ll! jj>. (j— 4 (j d_a (J^ cjj 3 

(^jJI I J_i_l I ^ £ 4 4_j_4j_dl LuLp. CjI Io a 4 lo *>J L^-aJu^H 4_4iJ 

.ijjajJ! 1 CaJ 1 j 4 L^j i_-CSo ct-^^ 4 LgjJaja ^MXIj 44 J jLuj 

. j_>J lj jot_»J lj j_l! I ^y^ 4 La Ld j_a djota ^ jJ I 
(jj£a Jj 3 (jy-4^ 43^LJ] Cj jlaJI jj — <- dl (jjjjSJI Cjldj-4 j — >. jj j 

(<jjjjJI 4 JLI <<iHj 4 (Propane (jlajjoJI jLc. (J iLa) 4 _jjl_*JI 3 jj t^]\ 

L^_l^I j_>. £-j_uj (jjjjSdl Cj Li£j_a ja_aluj . (^jjjULIj Coj lj_*JI (JlLa^ 4 JL-dlj 

4_u_4i_uj (J_al j_c. 4j jld ^\ £->.j-i dJ jj 4 i^SUm (jjLiUjj 
(j-a dl jj 4 J I jJ, I Cj Ij j ^4 lo» a £_ 4 d Luj V I ( jr Lc 3j Juij I j jjjdj I 3j J I — 

4 Covalent Bonding da-Al,M~H duljjJI ^ ^L dj_*3 4 4 jj^ daljj JMd 

3jli (Jjdi CjIj j J_ji j-a (jj — Jjdll (j-o 3 Jowl j Sjj 4 lo njj (j-a ^ — lllj 

^-CojJ jJ! (« I)) 1 — 1 j (JS! laJI (J\_L4 jji Id 4 4 4 ? 1"< -?e-4 1 J_4 jl 3j jw| j 

cj!j 4 oj 3jj (j-u 4d cld! 4 -l4-a1 lCjJI 4_L^jIjJJ Ijj^ Ci L>oj-4-j 

.Methane 4 CH 4 jLuXI Cx^>- jj j-j_a 

4idl3 3jdu (.lo 1 ja (_^j_>.^l 3j jJlj 4 (Jj->-l jj Jj£" 3jja jjjj^Ll! 3j j d_aja — 


4 _u_uU 4 _j_a L 4 ] Carbon Network jjjjidl cj! I jj ^ dad jjScd t jjjjdll ^ 

.(«<_))) 1 — 7) JSLcJI Diamond-like Structure 

(jV 4 4 jjOk]| jjJj^JI 4^0 tiu (J i-u^CaJ 4_jJji,l jjJjidl CjIjJ (J^3 3jj (JSLI — 

(jjjSdi 4 jjjjSLII (j_4 jj^a (jl 3jjj — uaJL Cx — <_4 i_lI 4^jdl jJL Cj!j4 J-JjLj dajjja 

i^jjjj . («^» 1 — 1 4 a 1" -da 4 I j-c cjIj j (jjo 4_3J j_4 4£aLiij_4 Chain dLLu 

Cjldj_4 jjSd ^^yj] 4(j^sl jddl 4 4 ? l"i da ^| ji, 4-LdUJLl CjljjJI j-iil 4JauJI I JJt 

4_L>- 1 jJI jl jil CjIjJ CjLL-oj L yz\ (JSLI 4_»_4Lv. CjLda L^-a-^I jj>- (J 4J>a 

. 4_c j_u_4j 3j_jd CjLcLLl9 L^jI 3j 1 t-n 4jl3j f 1 LojI ^1 (^Jjj 1_4_4 4 L^_aj^d 
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I Ciljiu jt ^-LjL^i.) tj^ijSJ\ ujlj-u 2ja Jsa_ujJ :( 1 - 7) J5L^JI 

(uj) * jULctl jl — £ ( I) J p-4 CjLcSjJ. 1 j__« jj^SLU 4 t tn^TI 4 V\ ) IjJ I Ja— j^_L> j_c 


(1) 




q£ L j <» II Ij 3j-uOUj 3 j jj_jJI ! jj>J ! udJ j jl Lai (_ T 3 j 

ijjLtJI » Ulc. ^UTcaI j c <? » <~n G i_uj (jl c_xJj_*JI (j_« 

(j^_jJ I Cj Lj_ljj Lij L_3_^aU_u3 j_L<j i 4_su_o I j 4_^<_5t_} 4_a~ 1 i_u_a 4J I la <^i <^i -^j (j I j 

4_j_>» jJjjSo Cj I j L>ul (j-o (jq_>o Lo Julj 4_co l_q t I Jufc I_L«^j (^Tcv j t (J y—u^ LL I 
Cjj^ 1_U ( Jy liilj t4_3jl «J| 2jlGJI JM_q 3juJu>JI ^1 J L I ^ 3 

(-JsLJT (Jii-c i^^^uLJIj 3 j 3J I 3 jlj j l1) _}l ^-Llul (jy-^ (j^jjiJI c. 3 jL-> ^3 ^ 3 

4_^ilj)j j ^ l^-cl Ji3q col ^3 w ~tl Carbon Fibers (jj_>j£JI 

Composite 4_i£1^iLo ^1 ja <. 3 j I L3 (_pa^Ju ulU3j t^jjJLiil jl ^JLl j cjIj qJLU 

^LUL 1 $ a > c_<jUtj tSjGJIj u^JI 1 ^ ts~>\ ^s>* £_ Materials 

.^^U^IGJIj^IjlUI 
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— ^ I ^To. 3^»^3 t-u-A C-Jl jLa — CjIjL^o^M <_ill3 J)j 3 ~>o JL*_jj 

oLilalil £-3 ^*s-!M-33 4_4jc33_<3 4 _u^j>^ 4 1 4 I I ^Jjlj 4 I^> <3jJ> I 

‘4lu Ju>J! CjI J *_l I ^llul CjLpw jJ j_£U 5j_uSL!I^ 4 seJLU 

(J^L>. L$J J^-ljj! ^^3.1 1 4 3j <>> II j 4 Sit I, I 3j3>! Jell cllij ^j_4 

4 i <ifl ll <_jj t 4 jJ 1 j 4 l_c^_4 1 J wA a <. I^> a4 Jl*j 4 4_fl_i 1 <_uJ I 

4 Cj !j Lj (_uJ I 4_c. 1 < 1/-> ojju£ 4-lC.LIa^ CjLc. 1 1^>4 4j9^_a^_fl c_33LL3j 

4_c.I_Luoj 4 cj LujjTtSL!^ 1 4 c.1 \ t. 4 CjL£ jJ.Ij cj Ij jLLaJlj 

^j-C. £-4 <-uj £)| ^3^1 Luj-C- J — *-j .4 — 5j — dsljjVl 

4-1 ^-<3->Js I JuJulI! ^LuV 4_j_cti_l3j 3jL$^ 4^J^il ^ljL^fc3 l— u I 

( _ ;T HJI 4_fl jLflUilj 4lb Jl_>J| 3j- 4^>-V| ^j-4 LiJJli J^~3 4C_c cu! J_>JI 

(j I 3j3 I l__< — <_ u_>. Ij . 4 j ^liOJU jJ I — 3J I I J_& o-^- — ^-*3 

U-JJJ c^y flj i Lall! I j 4 i_u_4_j ^Tl^-lI I ^y fll ) < ljj 

^j_4 ^jLlII Ljj>- jJ j_t^3 4 _i_ 3_>J 4_c3 1_*3_I, I JMiw 4(jVl 4 -lIc. l_4_4 

. I I J_& 


4Q^j^SL11 j^s_j jjLlII L_jj>-^J^_t^j » U-L. c-<-j J l_>» c_j Lj i_uVl ^j-o 

jj) i^i !' 43 jujl>J 1 ijJ Ini 4_Jjl 3 jL« 4 J ^ Aj \-Clc. \j 

q^j^SLII cjIj j (_< jjj3 1 4 Ac. ^3 j ^1 Allotropes 4 nln^e-U ^ 3j ^^-*-^1 

j-lC. ILo 4jj)^n 4^. J-tILa 4 C.^_<u?e_43 <13 C_4_trt-J ' w 3 / ti 


LiL-u 1 4^^ ♦ 1-1* ^ 4 **- * 1 1 1 (5j>l-i] 1 

jJl t_t_jjj3t]l J jj) <^U 4 V l3^]l 1 JlA dJUIl (J <^fl II ^ 3 

£j_uJ! I jla ^ II 4 3^Lo i^\ cj!j3 4-lLc. j > ^3 

^JlSLuIiVl tiU3 ^jl 4 LlA ^J^_flJl 4 _u^^L>.j . ^IjJLl 4 _I^jv^Lj jJl Cj l_4-<-<J ij 

(j-a 4_c. 3-^3j (j T 4J ^-^3 (j ,j ^_J^-1 1 1 ^ j If- J^. ^ Hi 1 4 a-llL^JL I 

ljuij 4 4 -lLc. J ^_>- jJs I <111 4 jKj^I I 4 -U-lLI Lnbj 4flJujL*JI I 

CjI 3j ilo" I' Ji^t3 i_u^U 4_u Lt3-I» 1 j 4-C. ^-tTJsl 4Jl£: U ^Lol ^JL^eJU ^l£> 

, 4-flJb^e-U 4 -lC.I ix^saJl 
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^l_>- 4_is ^Jl Graphite cl* .lsIjJlJI <. ^ I <^j La 3_}l c 

^ 4-ll^jVI 3j mi 3 1 1 ^L-^i cl< j^IjJlII Ore 

(j jJ! Synthetic Graphite j-L-^JLl jl Jiitil c^l jJdl 4^ 

^ I <2ju lS IjJlJ I j ^ Ljj . 1 LUjcc ijJ j£U I ^t_S JjiieJ 

tiJLa i_uJI 4 3 j4j 3JlL$_*j 4 j 3*4 1 Cj 1 3 i to 4 -LlA ^^ylc. j Ltll jl 

j>!jl! 4^ cl^3 jjJlL ^ IjJ ^Horizontal Thin Layers 
Thin Sheets 4 3 j4jJI £u^]\ lLLL (J£Lnu3j . sLljVI 4_uLj 

jjjj^JI CjIjJ * to tj3 ^ jJI 4_ua-&l < m" 11 lLjIjjJI (jjj-L £yC. 


4-u-u I Jl^-u 4_u jjj^ Cj^LSLIj <JLUs 4jj£L« t^AjL_0 
C-c-l£ IjJlJ I ^y to .(2— 7) (_J£LtlJL j_& U£ 1 4 <a Io~ < a 


^ju£u La ^ I I j_L_j <-dJ tij ‘ jj LlI I Ll>. jJ j_£!j £ 1 <aJLc ^ L^ILa L 

4_jL-£3jJ, I j l Strength 3j_3JI : La_& 4$ a (jCLu^L>. j _*a 


.Electrical Conductivity 4 _uj_4£JI 

4_c. 1 < 1 /> C-c-j-S lj-*J I Jjio ^j-C, 4_Sj_*_! La 4 ^L-^VLj 
£>J~C- 4_*al i_u I ^yC ^uijJI t^j-dL-ajJI si 

Crucibles jpljj 4^li^> JLa t( jj 4_aji_A23 oVL^ 

* 4_*_3jjJsI 3jIj >dl CjL>-jJ ^jlj-sVLs dsljJLaJI j — Q-uzs 

C^ljlAJ! JJ ^ua-a ( J_i_33 i_uj ^ Hil Moulds *_< tlj_3J!j 

(j^\ f. jii^n *_uj 4j? j-uL 4 1 4-s <_* u^_J Molten Metals 

4-j.c.l LuaJI CjI C.LL-3JI ^j_<a JuJl c. ^S ^ < u-iJj uojj 

:Jla 

.4_oL]j^SL!I 3j^>.V! — 


.cjLjjLLajJ! — 

jl j^i4^liusjElectrodes4jjj^SJI<_jlIaSV!- 
.cjIjJUJI j^3 Jz 4-ajJ r~, , .U Electric Arc Furnaces 
.Lubricants - 
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* <» T I 4 . a i°ij 4 a > , Pi T ^ylSLc^J I * I LJ I ^ t-> ■ t-> < ( j5^_iu : ( 2 — 7 ) ^Jf^—iuJ I 

LLIj j o 4£^s_>w4 L^ } 4j iiiLJI 4 j O, ^ 1 LuHll lPsjIjijJI Ja-Jj-Ps ^j—C. iIiA5L.iuJ 

Ats \\j l a 4-t.uu I .Luu LLl. A l ~V J^iLuLJ ‘ "' A t-» ,^s\j 1 ^ t<l ^ ) Cxj-Sj i ^J£-3jSJ I 


4>«Ut * 


o^P- l( jl ^^1 3->L« -vLai Diamond <jJ LI jjj 

CjIj jj Jlj^JJI (_gj jjl tpjj^pJI ^1 sLaj^iil oJl^j 4jLI*j *j 

4_Jlc. c.<- t - L> - («* )» 1 — V jJSLuJI) 4 J£Lj_a 

i^yc j-uSL i 4J Ujuls ( _ ? J-£. oo^y Lc . cLL l ^ t J 1 d gjusl I dlfj ahj 

: L^-La j^jj ijjJI Sjj&LJI dll a ,^,tl 

.Low Coefficient of Friction dJl£d^.VI ^Lii^l - 
. High Thermal Conductivity J^dJI ^ j-LSjl - 

. High Electrical Resistivity du^SLII dajULI ^ ^Lujl - 
Low Thermal ^jl j^JI ju^aiil J-aL*-a 5^^ ^LiJCi! - 

. Expansion Coefficient 
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4_*jIjJI CjI CUs~\ 11 OJUb ^ ^CjJI ( j r Lcj 

Cx-l^l^-iJl £yA (j^>J 3 <11 t^y . icj t4jl^ 4 5 ^_a1_lII ^j-oU,! CjIj^Ij ^ 3 

a~>- c_<-lc (J >.!.} Ljl^La e\ i nrt <t JlszjV ^ J II «^a -p.^JI» 

J-zr" rtj (j I jl i^_^i->JI ^psjl *-AJ Cj^L?c_4-1 Cj\j &jJ5e_I.I 

4_3_l3_4Ii £_4 (Jj) I » a j Uila 4 j Ll-ujv j ^GIjjJj ^^jLlLsLj ^ jdJI ^Ljlcl 
4_L<s c__t^e — uj Jd ^[X\ i^j jJI c_*_ujJlII l(_>uUI 

4_Ld (JjL^C-lI tCx_l^l^>Jl L$J j_}_^_jJ II (J_U-S3^I(JI 3 J_L^>U» 

.4iuJu>JI 4 _lC 1 lc<a II CjI 3j ilo" II LuJ ^£s £_l,Vl ^_?eJJI 


j> 

L$3jJl3j j j-dt3 3 JuJln. j| j_a e_3 JuTtSo (jl i_3j_IHI ^ (j-u_tl 

dllj^J ^_L5C_iU L-U-U (jl jl (jl COjVI 3LjJ>- J-UJLJ ^lc 

4_u_aj Cj Ij J>U» 3jj£JLq 3jj u^j 4 4 ^>Ur. 4 _p- jJ ^j£jj 

1_4-Jj jl 4 j) 3c. 3 jlc dll j <-4ij Jdj . 3 j.j t^) 

dill] Uoj_*j 4 Fullerene ^^AJI JiUj$ - alp 3 j^_c 
I ^ j I) jJ-t-o^Hll I ^1 to" < (i I (_^3il 4j^0il 3 Jlj j clu 3juj_<ijl 

. 4_Ll_U J. <"lC. 4_4_4 La3c_) U I (jj-oi I ^y^IuJ (j I (J-J-3 1 I 4 '~ > * ll<jl^ 

JlJU Q^J^SUIjJ U3 (j - 4 ^-I^t-II 3jj 4.^11 (JlLgJ (^J II Jj— ^jj-lj-^lj 

lj-kj 4(C 60 ) «(jy <j" <■«!! (j^Jj^UI)) 4_ul_} l_3jjfc J (J-uUI^ O-^IjJlII 

4 U j~j3 4 t j^Jj£LII {yA 3j3 (jdu_u tjjSju 4J Jijwl^jl ^j->Jl 01 C^l 

LaLcj JUJI 44jjl_4_4 cj!j 3 dj^vLiu L^_l4 3 j ».! j ^ 

ji j_3_u 1 4^j-L4-4iI > I j- ic . j 33 ^ 1 1 4_luoL>JI ^^LI . c-4_d IjJlII 3 jsl_>3 i _ JT ^ 

4 Jl^IjJI 4^IJII ^jjj^LII cj!j3 lj:r Jt 4^)jj)jJjd]l l^j 

y JSLdlJI ^ jdcjjlj 1 J-2Z-) ^Juj i4 m^H Lu-uJa_A ^L^_j_A 
L^_l 4 32 1 ^ U iljj CjIjjJI diij pJbl^a j .(« I» 3 — 

4_jLiuiJ 4^(4_j)) 3 — 7 /.iill j L ljjLo_>. 12 j Lu_ulju_4j l _^>- j 20 

jl (j^J^VU.1 3jJV I <_o - ^jJill 3j^ J_43 L^.J| JiJlJUJ Idj. ^ lo -Q u b 

{yA J-JL& 1 ^ J <; ( «J («£» 3 — 7 jJI j 3j_jJu_4_4iil 3j^l c_uJI 

. 4_ud>LjjJI ^_clj_jJI ^ 3l » -Q 
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I cijlj j 3j3 ^j ^L uj (Q^Llu-lJ ^ ti >*> ^\_lj ^ it"* •>< 1 p ' "j C) : ^ 3 — 7 J 1> Jfs iti T I 

^n i.ilj l^j^u iiUjjS iU lu_Lu£) J[£. il uiu JL3J L^jL<a->o 4_)^ luj <_La jIjj i J j^SLUJ 

^d-L) ^ ^ujJi .Buckyballs (_ySL> cjLj^ ji C^q ^ * y^nti ^j^j^sLii 

JSLufc v >•? T^J 1 4-<-u< 1 JLlm^ 4-ulli L< a->- i ! ljIj 3 df\_s ^_iliiJI ^ ^ ^ 1 , , . T I da_)lj3J! ^yC. 

. ^ ^ (^) | A 1 ' ^ ' ijSJ j $ Piil I l_L& L^-lSLfau ^3 ^ySL>t_tJ *«^SLi 

^lluj ^1 (J_u3 j3JI J J.3JI cJsLtfta^l 4 ts~C ° l i4JLstC t l_L& 6 * -^jlj 

L^j-^l jJej ^JIaJI — C-Jljbsj — cA&3l ^jJI 4 i-u-tdaJI 4 -u^jj^L1I CjIjj£L1I lL\ 13 

4j^Lj (jlc I 1985 ^L»J1 j i 4 " 1 < <> ^34 . 3 JlJj_3JI L^jI ILulaJj 4 £ j_j (_uJ.I j-lC. 

Prof Robert (Jjj ^ jj »Lu^-tSLll $d ^yc 

Sir Prof. Harold Kroto j_3j ^ jJjjU j . j , ,.11 jj <F. Curl 

Rice L yuj \ j 4 _*_«L?tj Richard E. Smalley j jl odjj j 

ja J ljw i_al ^ l * t 4 _jSLj^oVl University 

I J-& j ^ (<il — LaJ ljj L3^£j — 4 -lIc T 

1 i 1 &u±oj 4 *_«1_>JLj 1 jJjlII CjI i_ulj jJl La ^ya (j-uj! ^Ilje-lI' 

Lal^ (jl jULJt 3^ Sean O’Brien ^ James Heat o_u* Ly ^>. 

♦ 4-lL^jlH CjIj L u-vVl 43 jU1 jJJu 
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£^jj 4 jILd j-lC. J^i < n (j_a 4Jli_<u La_> 4 l_3 1 u ± j £' V I I JlA <J jJ j jJsj 

Jl£5j . 3j-u^ 4 j 3 j i laj t 4_iJ^jj_c. LoT 4_jlc CC_3 lcj 4 t _ jy _«a_L*J I ikt < njJ I 

yLc. L^jjJiI ju^Lj^ 4 ^jLlI I Ljj>. y jlc .1 ^_u_u^3 ^Jl ^_j_tSLI I c 4 ? Ci£j| I j_a 
. BjuljJI CjI 3j i LlJl 4 i jj-C Lj 31_3 ! l_£j tzZJu] t 4.0 j_u_u_a j_j-C 4 1 j_4 yjlrtj 


4 3 J 3'>- ^-^-IjlH *-Lj (_U jJ I ^ 4? j"ij 1 4 CjI jJ (_U £_4_4lJ 


VI 




JlSj 


^0* 4(J_Uj|j 4_»_4L?E_J I (jj J^_4lJ I Li)l j^>.I (jyllil *— I 4j^_U^J 4 3^ I II 

i—scL-o ydlj 4 1996 ^L*J g. Lua - i^J I Jjjj 3j^Lv 4 jMi]I 3jul_4_uVl ^_4 -uL3j 

<_Jjjj J>J ) 1 ‘ 1 01 J 3-J-I I ^-H-*-ll 3y_jL>JI i_uj_43 SL^jJ 43UI 

- Lki' cjLJ jjJI ^LLj 4^5 j^c ^LjJi Cr l^j .Alfred Nobel 

1 <a ^ I^J Lcu-l 4 } 1 C. V 1^ ^_3 J> 47 ( 1 1 \jJ£ V Lj 1 <; ^ 1 Ls 4 3J-J Ls&U ^-u_<a->. 


^Jjse <_4iJ jjj i_3jj>.Lj £)JJlU ijr saJj lid I ji >oVl 1 Jufc £-Lu£2 ^ 3 4 jJjl3JI 

. I jji LLo^j £cjjL<J! j^-£> 4 4j^Jo.l1 I cjLc. lyL>.VIj cjL^Lcc^VI 

I ^ q 111 c-s Fullerenes 3 1 1 1 < 4 ^ _a_i < j j^, l^> 1 1 

^—4 < <i < l 1 /o 1 ' J ^ < “II (J*J) I ^yu^X < ^ I, I p < " I ^Jl 4 t 4.41*7 ^ ( (i V I 

^ 4 _Lu-3 ^1 jj il ^ j_JI (5) Richard Buckminster Fuller 

cdd £_a Li J& 4 -i 1 mi" ^1 (6) Geodesic Domes t_iL 2 ll 

— Jui£ I jJ . (4 — 1 JSLcJI) jJ^jlII 4 3 W 1.1 4_jj^j^SLII CjLj^JI 

4 Buckminster Fullerene ^-<-o i — 4_u i cj kyj i [£ i 

I jjllod yjj_4iJI jL>.l J .yV-ll ^L-4tJtIL_uVI jJ-U ^ (<iVI I JlA ,j\ Jl_u 

♦ tloj t u)j ^JjIjlIa (Jjjju ^_<-uL^ (Buckyb 3 .ll) «(J^J jl 

I JJt »lj^ (jl t( <(J>^ (jy^dl }> ^1 mh^I 4 1 4 4^-<-u ^yA CjJijI 

Cx^fcjJI ^JL?e_43 y 34 ^-U-jJ 4 t jjljLl]l 4 lj 47 1 4 JlC. 1 jj I I t-jLuoJI £jj& C_J ilt^J I 

Cj Ju>J! ^_4_4J_41 yLc JjjJ I I JJt J-9U^ 4^JJJ 1_L4 (J^J-3 4CjVL?cJ,I (j7 ^ y 4 (jr ^l»Jl 
o\ jy^yi j j~u-<-4JL>.m 4 iiio ^jLiuio 4_i (^jJi jjjj 1 4 Lyij u^j . j-& 

U^jjuLu^ 4 _lcI JuVI c_jjLyJI Cj L v.yE-4 j Lu_>. Ij (J- lL^o ^3 (JTl^TlI I 4 ( j_ujIj 4_»-cl^tJ 

. 4jLoij ji ^3 I j j_>. JSLj 4?Lj_^T 4yj_x3 j ^ t uA j jj ji j_a 4»1 4 UII 

j Ci 1 44 !^_* cJI if uydl ^jL3JI ^-0 4 1_La julj 

: I jJL-u 4 _jljIjJ I 4jJj<^>4 
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L*JjlN L-^JLUil J_u L-4J 

L—jISj^ gt jL-£ ^tJL^yt t^t JLLaffcjJa^ lr, u <<>t Laj 



^^yjLxll i \..->»i j j. .g 1^,1 \^ iu-1 1 4— )jUL« :(4 — 7) ^J-S s — l m J I 

4_x3 ^Ji L -fao jJ L - lu. ‘u . ^ J 4jl..t d" t j j £-L*l ^ c£jL^-*X ' ^ - ^ '^ ' 


J-<a^ c3d>^ t L - L ^-at-o il->i,1 cr^ J — ^ ^ «-tl» ( t r , }i 

• ^ ^ 1985 (Jkljti I ^yS 4_j5Ljj_4V! (J-U-jlj 4_3L^L>0 ^yl 


(5), 


^yJtaljll LUUJ j^ySLj ljLjj^ ljIS J 

e^ljLl^VI j j JljlJ L^l jg-^l Jl_Lc <( (Jj4 ^ySLJl » cjLljjjv 

4_u I jl j_11 4 j_ 3_I1 Lillj (jr^- 0 -jj>. * l^jlf- 3l^_?e_l I 4 <3 1" **- 1 1 

l 4a j-lcu-I 1 j-^£- 4_j£1_u l^_Js I j 4_u Lj_c-j^J I J 4 _uLj j_uiJ I ^yz>\ j_>lJI £y& 4Jjj_L> 4_cjL3j 

4 j3j llo~ll CjVl_5e_ll ^yC j JL& 3 J_3jJ JujJLl ^3 VI jJL) 4J (jl^ - l -4-4 

3j>_$->. VI iL__cJ i_ulj_>JI ^LuLi 4_uoL>J I 4-tC. 1 < /^>ll CjLc. 1 Io3ll JlJUJ . 4_3Jb_5t_U 

iFuel Cells L}U. cdi Sensors e^l ^L_oj>J 1 ^jj^LIVI 

.^SLj cjLjj^ £y& 3 jj3~ < dll 4 _jj>-Li!i V I Cjix.1 Io 3 II 

4_ul jjJlj 4 j i loll Cjj_5c_lII ^jllu t 4 -uJd L l I 4 Ij 1 3 II CjI jJ i_uJI 

(_tlaJI ^1 lo 4 4_«jl311I Cj\ 3j i Io" IL 3jlc.I j 3^Lo L^jU t(J^-» 5ljj?e_ll 

4_jlcl_a ,4_JLUJI $. I jjJI £-y-u^j> cjl£j_tiL iSj-^ C. y* c*3 i d^l j . s.1 jjJI j 

4j^_ujJuJI jIjVI ^^ylc 3j_La_j (_uJI j_l 4L3^. ^ilul lJ7 Bi 4_alji^t3 jmjj I JulC ^jjjJj^UI 

((j-C-iLfcjJl)) ^y3j-A (J ILa i 4_lC, l_<3 J_I I (^Islj-aV! J ^L» ^c_ll (JV-3-C.I {yC. 4 ^j>-LlII 

((^ysj-fryy jJ» ^_«_uIj <-_ajj_*J,l t((4_£j^>JI i_j! ^r.Vl J51^l» Alzheimer 
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£dUI 


^jl ? 4_ulj.> 4£>1 4l (^jJI u^i! <_! Ijla .Lou Gehrig’s (ALS) 

1 jL) LgluH Cjj_gll (jP-Ji idil JjUl H 1 4(g A 1 2ul I Li" t4 3jj_*_4 

^uJI <_> ijUeiil ^ jLu cIaj-j o-cv <4jj^ Antioxidants 3 j H dl i^i ^ 

jjji^J! Neutralization 2H* ^ Jjj Cjt SL_JI 3 jj°> ^4^. ^ j <111 Hj l$3 jH 

^ dj ic jLlVI ^u-a^ J1 j Free Radicals JjLUJI ^u-1 4 jsjjHI *3 jHI 

Jj[ 3 .nil Uj CjIjL J CjLLjH jj>JI jjjUVI iyu 4_pa-A L_ uJ 4l_)lj (jjj£u <J}L>. 

4lLl L_lj ^Jju lx-4 CjLj^ 1 ^ < 4 Ul_Jj ^lII jjJjll CjljL ^Jil (j\JJ 

J ♦ ^-iujU (J1.} 4jJ_pH dlljJI ^ jlc. 4_J_lL 1I 4ll 1)1 4 H i yc. 0 JlJ_J_>iJ j 

^1 11 (jyl j-i LjjjH ei)lj3 3j3 60 £> 4 U 1 3jl>-!jJ! ^ *\ ) 3j^ 

^_jjL) Ll^LI 1_ujj 1 £__l3 1 3 jl>.| jJI jjjjll 3 j 3 jV j 1 3jU 

15U1I jjjjll CjIj Ju 1 ^LLujI — Jl>.| j Cj^j CjI jl CjIjL 

4_u^HI cljjlJVI ^3 jjll jIjIs (JjHj jl 1 1 — ( JT £Lj 3jl L^J 


. L 4 LLI dajj l_$jt_4 ILujVI jjjjH <-i)ljjJ (jll! (jjUL 

3jljj1I cj! 3j 1 Ml (j— « Jujll 11 _La (Jlj 1 4 t^j ljj La 4lLlVL)j 

^^ILIIj t4j^_j_>JI Lp. jJ yllj Ijllj 4L_UI cjVL^c.4 (Jjj 4 ^jUtl 


. ^j^jl 4-111 Cj^lpH ^j_4 JlC 4jj_£j2u 4_j_LL 3jj_u^j j-ull) 

4j.aH 4 j1I _}j^j>JI i^jll 41111 j-1l1I Cj I j_lH 

S^ljj u^i Cj-l>> . ^L_u j ^ (jyl JtJ-1 J 1j (j^L CjIj^ ^ol a_>- tjr^uasc^o 

t (9) 7Q ^jj _ gQ _ La-4 3^^p.j-U j^jjl! CjIj3 4JlC 

(Jl 1 tSj^ i jj ^ 1 3j_u_4 cjI ell 11 t3j3 ^ ^ 84 1 6 

(J^ (_! 4_q^j-H,l 4_lll CjLjjjII l^J LUj ,C 84J Cy^jCyQ 
Uj 4_aIj-LLj 11 — 1 3^Lj ^1 (j^jjll cjIjL ^IjlI 3^LjJI U3 ^-ij3 

4_4Jl 3IL4 ^LLs j i3 ju jjll ol^LSuSVI ^j-4 Jlj 3-4 jMI L4-4 iCjLjH 


.c_jj^H Jull 3 jl^1I 4_j_>-jJ 1^11 cjLIlHI ^j_4 


4UjjLJI j $jj53\ c-cuIj! 

CjIj£" jl Ij-1 I (j^Jjll HL_4J 4_£^_*_4 ^j_4 J^jl 11 4^j>Jl LL^jI 

H 4j1I CjI 3j 111 4_j_ALaj i L^j ^^ol jHI ^4-A1 Lli jll j 

HHI < 3r. ajl- 4 -ulj 4 Tl1aj ^j-4 H (_^HI 1 < <<jil jl . CjLjII 

Li^-st-jl ^-a^jII ^jLIII jj loIjjII tjL>.Lb d<->. i 19S5 ^111 lX^ c^ 1 

1991 ^111 ^ .41L1I NEC (^1 jl 4^j_l L7 11I ce^LJI iS.Iijima 
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jmtl hJ^djSi I 

Laj uii ^1 Carbon Nanotubes Sj^LUI q^SDI <Lal m . ~< Lj 

Ill ^ i^a jl jJuijl £_4 JlC jjJllI jl£j )4i^ ^JLlII 4(Jljj 
CjJl^s Ji9j . 3j_o*VI 4 juj^I Jb j) rtf. JjL». 3 JuJl>- (< 4_jrt*. jJjJSL jjL» CjLsI jul^l 

£_J^Iu i^> L^a La } I i S^SLuJ, I J 4_jJ I jjLlII C_j 1_>- j)~ rt 1 1 oJJb 

cjLp. ji ij-t^lll ^_a! i is~> i_lU jj t« ^ jUJ! Lp* ,jJ ^yj^c. 

4-til^e-iJ' < ijLstljl C.<-<-uj La^ Cj^-4-oLc . ^_jJI ^To- jl i_u_iV I ^IlJI 

j-ptlH ^ 4jLaVI ^ < 4 bj 1 ^jLlII L->» jJ 3-t^J (j-° CjLlS_>JI jL>* 

^jUii jl Jjl — Li_jj?ejj jj_co_l9j^_lII — ^JGI <_u! J_>-V jl ^LjcJ, 

(JL^e_d ^ <a_ol£l jLeX .1 <Uj_L 4 J jl£ 4_rtJ^_9j l ^-ptjl 4 _j ^Lj 1 a ( j! 

4 glol t— aLcuT^VI I JuS> jjioa Jui9 4 LJ^I . ^j-j-ljj-c j-l£. 4_4JlZ 1II J>l jJJj ^jLlII ^ ^lc 

LlUb ^yu JJU ( j r J2 !j_p* 1 I J Li_i_u_43J 4 jjLlII Lo* jJ 4jJ_A j-\£[£LuiILl, I (J£LI 4 j^9 

4t— al ^.TsVI dll j j_4 4 LI 4 Juu 4 j I c hjj Li I I j_cj IdJ ^ jJI 

j I ^Jl j-cc 1 (-« 4 « ^jLlII Lo^J^JSJj 4jjjI^ I )> c_jjj-£3 ty&£ tiuiti,! $.VJ_a j_a 

CxJfcjJl (Jl_3E_dJ lC>J-U2 ^_lf. ^JjlII 4_j| ^jl_9 V fjj ) L^JJuLjJ inL>. j_4 I IjJ^J 

LfrSjJL*£\ V" 1,1 ^__L^_>J 4^. JU4-4 J_jL<JI Lj_>- jJ 

I Jl^-4 4^j^I 4.^1 V"H l ^yA L«I 



S^UjjLJt c-uulj! 4 -u^L4 

4 4Iu_AJl43 CjI_42_U^_1 (jj nil 4 4 jj_)L(JI (jj J^£LI I c _< jjLjI 

jl t*>4l CjI j 4^JJ?e_43 4_jJ jla C-uuIjI ^yC. SjLlC. (jr Jt ‘(J-J-S £j-A (jl (-ujVI 

1.4 La j 1 lo 4 1 ^1 *_J jJu 0 _jj>- 4^ i_u^Jl {J7 ^ < 

j)_4 4 jj_uV 1 — jUjU ^ La — ujj (5 - 7) (J^ — jJI . 

4_L ‘-ul^J (j^>» oJ L^_(JaJU (jj_jj£LII C_jIj j 1 ^ j4 4 c-<-U L V 1 L 

L^-Lu £_‘a_>o (_^L1 4_ua-Al juttii 4-2 j1 Io" ^ 4 i_Li iljjjJl 

(jlsj-HJJ — Uj 4 C.4_l4 1 jJl! 1 Jila jlj — c 

jLdL>. U_ptjl jj ca_ijjj-jJJ 4_t4 Ij-c. ^3 jj 5jj_t-o (j^ (^5 — 7) (JS! LiiJ I 

jl£L ^^ail 4 jj_uV 4_uLjJL>J 1 ^_a_uLLa-LI 1_5 jLLi_43 ^yu jJ 1 ^j4 

4_*_<a->- -L4 jl^ 4 j-L.t£LJI 4JLLj 3jjl_Lj! 4_uj^It£J'^ I Cj Lj I 0 _>o 
Cjljj i-LuIjIIj C 47 44 jJjjJI Cj 1^-4-bJ-l 1 (JjL>- 4 4 -lIc 4 i 0 4? Ij 

. 4_ujjLlII 4_j ^_ u 1 3 jl i_4_4 4_j (^^-u^Li-u ^9 (j^j^SLII 
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£dUt 



<_j L-HSLJ I I ix£> >. tr.-t^-g <■ ( j— ^ fty-nij (I) :(5 — 7) <Ji>L-4.~4Jt 

L^j-Laia -L-jlj ^LCLa ^_l_jlj_j ^ylU I i4__u^jLJI t_4_j_jL»i ,j— « 4 j^-uI J5L _ lu 

luHJ I L^Ia-j! j3 ^CLCi ^ylUl L<j£jjSJ\ Cjlji Lub_si CJ I Lj 1 .4 

4_t3 l^£. ^ 3 j_£— t-o (i_> ) JiLCiJ I . 4 _jj_u Y I JiLufc *■ ^ -j t Lj 1 .^>^>,n i 

uJaYYI Cj\j—lLc. I j-£-& 4_]_lj {J-q^o 4-1 Cj.1l>.} 4 L^-<->ol 

/ ^ 1991 ^LaJI ^yS ^yCl) 4 -j^jLJI iUj-ahf CjI ji,t 


Sl^Lu^^V I j^J s d 4^ 


t^_ySL} CjLjj^Lj 1 a^Juaj 

Ct>J L^ Tu -b t> — Xftj J L 4 . 


4 ? 1 »" g 4 1 ! i Lq_pej] 

^1 ^ 4 J Lc 1 ^ » 1 lo q <Jl q_>. 



i_u_q (Jii_q_s L^_> T ^^yJI t^_L^_> idj^LlII 4_4jj^ii^JVI cjLj^ <-u j^SLlH 

NEC 4^-tHiJ Co. LJ I 4 1 jJ . 4-UjjjZjy I I j c__4 i_u 1 ^j>J I 4_c L-Luo 

jjseo l_ 3^_>U 1 JiiLs 4 ^<J L*J 1 ^ 3 Cj LJ ij^TtSJV I 4_C l_Luo di \£>j uu ^q_& \ ^ JloJ 
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jm*! 

4-iQe-iJI 43_La tiuj I c. 3~<^ Cl<_iJ>>. ^y^->JI 4 i_ulj^ 

(j_u J I j 4_*_4 l^e_} 1 (J_ 4 -*J I (lA^ ^ O ^ O-t-4 OJJ j J t L$j U-L-u j 1 ^ I ^s>* 

. I 4 J ^-^1 ,V,<I I 

«:LuI (jy^J iCjljj^J! eilij U_pul 1 ^j4 ^Lb Jti\ CjIjJJ ^ 4j 

4 to 1 " i to j v-V 4 ^y 1 V I Jl^LlI! *_ (_uJ^£LaXI Cckj I4] 4 1 s>-%-'°\ 

4j^jI jJI L^jlLsIJLc jl Ll3 I i^JlJuu V aJI 4_ul j_La c_ul 4_jjjLj CjLaj <_u_>. £_4 

liUj o"4?! 54_3:j_ 3_4 L-t-uljl L^jl£ ^ *_ j ljj jj£LjJ,l Ct>j c-jj^j jjLj 1 .4 

CjIj j (j-4 i_3^V! CjLIa 4 4_3J JJJ 3 Juj-dJI L^l^Lufc 4_u_u CjL^_j i_u_>J I 

4 U_^cjI 4?LujI idilj Iu3 j-illll ^j-4 CjILo 3 J C ^1 I 4 JI ^_Lz> T ^1 J la I j 1 4 La-UjJJ 

4 u~ i4 CjIju LlA ^-4 j . CL)[jj£ (j_4 4_>a \_xi T l_4 ^j.o'a-b 4lstj j 4~ 3 b jj i_uLb 

t4Tt-^_^ CjIj_4 j Cj!j_ 4 J^LlI! Jlsu VI L^-ltcjI 4_lC ^ 4-ortj A L^*- 5 ^ 4t— bLou^Vl 
4-4 Jlj*lL.u-U j.y 4 . 00 -" 11 4_3jj_Ls q nan CjLLulII CjIj. <hc. jj xia^I a a Lb Q_l>. 


^r L 

4_L<3 dAjU>* (jyjJI 4_JjJ?clll 4j?C_U^ J 4? -LALlil 1-43 Jjju-£3 C-tluI jJI L^y J jVI 4_LulII ^y£ 
. jjLlII j jJLrt-o ^b jj-3J! £ t-4-Lc <" 1 1 

(> 3 j 3 t>o 4J jJ. 4 .u-U ^yJt LaJljw j (J-A : CjV^L_uj 3 Jlc cl)' 4 jlj 

( _ t -LlC C-<->iJ ^_3j 4_Ll^ I dJilt] j jJ I^LsS^j-lcoJ^I jL>oVl l-LA 

CjL^_u_uj>. Lj>U l^-tTn-43 l_4_uLjV! dJJj 4?3-AA c ( 11 ^La-jjtcjI j-lC ^vI 

l-4-uIjVI ^Jl^C^-iI^ IajjXz t 1 ^jJ>j ( j-43jS4-L : L»JI L^OjjJj4_u^c. 
♦ ^L3jI ^TlcuJ^J 1 ^ 'l*\ I t l_4l_pejl (J-J-S ' ^1 4jl 

(j_u_jJ tt_j^_»JI o^LJI ^-43 t_jL jJI ^LuT ^Jl 1 _La 

^lajL^-3 1 4b jil .uaJ,! q 4 1_4 3j_aLL3 o_^LlII l_ 3 JiOSLj 1 3 1 lo 4 jL*JI ^j_4 

jj-ll J^T 3 j_l^ tiJI 4lb»-l_3j j ^jj jJjl! j . jjscJJ! I JO) (jr^C C-<_4-i Cjlbl 4aiIi^Vl 

0 JlA LlI j-bl ^33 4 1 ( J J) 'I 3 1, 1 y J r. ^-4 V I — I 4 <ll 

4 j.^ 1 4 (j^3 l_4iJjJ j . I LaLujIj 1 (_4ij OJ-^ O- 4 (< ^ bjLu^J,!)) 


Ul jJjlIx-cjJ t 3j^ ^yjJI 3ju_>J I 4JIL4VI !^yA L-t-uljl <— bl toi3^l 

. 4-bjj /^il, ' oJJb L -.‘} in Od>A L A S' ^ 4 4!^. (J^ jOr < Mj c 3 j^j 

4 4j3U<4 4_j_4_LaJI c^-jL^ Jl3^ 4^0c-l!I 4_3j^b j L^-ptjl L4L4-1J 

Lrr 4-L>J' (.1^) ( <ijJI (J-*- 3 ** 4 <4-4 (_uL_uVI ^jJjlII (JjU-i-u} ^yJI JlJu 1-uJ 

» j-uSLII jUoVI Ijl^J l^jL^-i2_4j 4 ^jIiiJI oIIj ^Jl 1 Ift 4 1^> ^ ^-4^1 ^JL*JI 
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lUjjUJI I — — jlji *t l_jji 

JS J> 

: L^-Lu yc t JS^Jsa 3jiC. 4 L i ul 4 jjjLlI! Lj T j, x^a^o 

^1 4 -^jjIaJI ^ a>j t Arc Discharger u 4 - 

. c_t-u L V I ciJUbJ 4 T(-Lu2. ^_u-£ 2 j>o Luptjl L^_« Jiitlu_ul 

. Chemical Vapor Deposition (CVD) 4 _uL_<m£JI 3 >3*jVI c_^u ^ 4 2jjL - 
. Laser Ablation j 3 _ 4 J! 4 _*_dd 4 L 1 J 3 J 4 jjIxiII - 
I 1 L^C. 1 t^i A I 4 3j It£ J_<_4 £. Lol*-J !j (j 3 -^* CJ ! <J j UJ 

^j-coh 4 j>-L>- Ju_uHl 4 _jj>-LuI 4 a K"i <JjbI I 4 _jj>- La I J^_L> 

. 4_*_3j^_« UjL^I C-Jlj La t 4 j^jLJI CjLjcHJLU 0 Jufc 4_j_U_*JI 

4j^_uVI 1 ^_Lo cJjJLIu (j!jJiJ>J! _i J lC. 1 c 

c_<_aLl : La_& Iul£ 4-^TuJs I 4jjjLJI c_<_aLl l-h j I oaj 

c-uijLIj Single-walled Nanotubes (SWNT) jj >JI 4 _jj>L^i 

. Multi-walled Nanotubes (MWNT) SjjuCL* 


4jlj JL>JI c-uuljVl 

4_jjLwI 4jj_uV 1 ib> iL L«-— j (?) y (5 - 7) J£ — jJI jOsjj 

i-lUj I-Lo*. LLLaLj I jjj ♦ i— <-U L V I (j_a 3^ mi (jr^J 4(jljJL>Jl 

4_j_! jla ^al 3 jug L$jI (jr ic. 4 j4j- 3JI c-t-uLVI lLUj ^3_lL_uj t__b j_i_u 

^j 'a h LfcLbjia ^ n i4lua_ua_4 da LI j-L <_u T 4_Lui> ^^ic. 4b j_oLa 

t Buckytube c_ojLi i LLpJ l^jlc. jlUj dll jJ j cjljia (j_4 3j^ 

(Jj-caJ Ca> t4jL*U 3j .u£ UluL VI 0Jl& j (J j-L 4 _j i_u_<JI (j! O-p^j 

j_l*j 4 L^UJLl^J jl LiUb 4_ajb (J_&L>ij L_tSLaa 4 jL^ i^j^LLa ^Jj 1 <; jb 

One-dimensional Structure da 3 b j ^ jul_u c-^uLVl ojj* ^—c. 

.^ILojjL (—all 50 JlIoj -Lb i^Jjdail 


3 ^ JlSU *4 lujQV I 

4j^jLJI c—ljjLVI i jy 4j^juV I j Io j Li L^a-t-uj l» 6 — 7) ^JSLjuJI 

4jjLv I c_tjjL I 4_L>-| Ju_<a 4x. yc 4_3i Jdl i^jlj -L>J! 3 J -Lju_I.I 

c_allitj j . («‘- r J» 6 — 7 j (jy ^ ^Lj Lg_£L! 4 3 Ll 7e-Q jLLa^I L^J 
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l—ljjLVI Dj .^ lo ) {yC. c_<_^pJI I Jufc 4_j_L) jl lo °ijj <JI j Ll 

£yC. Lcl_4-J C ^J. I! \qu~>\ JJ>. <JL>iJl 4 * J I Ltl j 3J.J l_4_4 l_(_XJ Lb^llLvl 

.(j!jJlj>JI 4j_}L>J l_c_uLV! y>- 



3^ -Lstlll I t— t_<_sLjVI <j_a <J5i lu yi ^ li, t U ^ mit ij (l) :(6 — 7) <j5L_4j.II 

-_t_<_lLj VI D _L±> 3 JUfcl uj-4 -LlCJ .4-L>>l-LLXl *_uj_jL}VI <j_* 4i- ^<5^>n_4 4 L 2 JJX' jl t->^VI 

^y3 3- L >4 L oj jLLa^Vl 4 3 l"r>i a jJljJ 3-UL 3 jLl£. L^jI i^y-oLal it-i 3, ■<,.! a ^j-4 

/ ^ (l_>) y£> Lj£ tj^il 


4-U-lJI ( yCt \juLuaj ^ jJI 4 4_(L^Jj_*J I 4^1 (-ciJL I lIIJj Lj 4^I LaJuu 

(^jl_3Jl <J» Lt-aTu <jl ^y 3 lo m £yA i4jJjLlII C_<_uLjV 4 -Lu£jLl! 1 

Cj 1 4 ? t*~i 1 1 ^ a « cuj>J I » Cj I j La I 4_uk La £j c. 1 lLU J J) ->J I <J£ 4 *_<aj 

Cu Jl>- ^yjJ Ij i 4 jjj LlI I c_<_u L V I lIHj L$j ^Lualu ^yxl I I j_>J I La£-1 I 

S^JLlII ^l_3_i c_3Jdit_4 Cln L 4lu_u << L^j^LL^-s )> c4! 


L^j £-uz-a 

i L^jI 1^1 is 




( 13 ), 


(Tensile Strength « jJiJI k * jl 3^» ^ ^Uj jV q\£ 

lJe_<aj 4-ua-L-II lLL_ujV! ^Luj! £_LI 4L_i_uLVl cillj 

ujjW J-jJI 4 -ojLLo jl J-ILa Jj-Ljju ^_) -L3J . i_u Jl». <_ylc 4 _lC 1 m ^ t, 1 1 j 

4_^_t^ 100 jLojj l^i t4_jj JJI 3j^JI 4 lo . dl y 4_uj_iLlII 

i <A-as>* ^J-c (jykc. nJL! jj 5 JuiaJ! Llil4L^J>> , ^ <. jj! ^y 4 _<jjL3^3 

. L_Au^J| 4^lil^ 4-^-t^ ^ jjfjjju^l ^yj] ^yjJUj 0-L>. 
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£dUt 


jLLd-<j ^yJI ^ ^ NASA L<_uIj 4JL£j j_^jG jl c_<j^jlJI jSL ^Jj 


IjSjja 20 <_yJI jj^3-J I j_ —jjLa ULc 50 4_l3 lIIjj 

(_y^ 4 jjjLJI jjjjidl c_«_uLj! ^ I jj^ 3 i_u ! 4 _uI£LjI 


4^JC_4J3 ^JJUjJ 


Xiljj l_3 Jl^j 4 LjibtJ 

3jj>li jj£3 t Space Elevators luL^ j^U-d 4 jj^ Cables cjMjI^ j_i^> 

Li 3 j iiJJ 3 j 4 L>J I £ i 4>i 4?1 1 Cj LL ajt^a j 4_u3jj V I Cj 1 lo I (j\j JaJjJ I ^ lc. 
jja 3j_o*Vl 4 _LvjJ,I jjj_ 3 3 ^ ^3 < I j .(7 — 7) jJ^LciJLj ^-JjjII ^_<_ujJLI 

jjJjSLl! UJjljl ^yA lj^LL^ j_j_u-^3 3j£Ls j I 4 j 4 «o jl!l ^Jl ^ ^ uJll 

jJLu (^jJl 4 1_3 Jl$J| till 3 (J)j3*>J JJfcJ Jj^J>dl J Ij^Tu-u I 4_LaJj_t3j 4_^3l^ 

SjlU (jf 4 ^uAjJjG3 Ijj^JjjI Ju3j .jVjJ CjIjLlLc 10 jjsj 4_*_£ jit! 43 3K~ 
4 LaLc. 15 (jy^-£- JU>3 Vl £J3 j3j 4^1 4>>4?ll JuLuaJll iiJU3 J j 3 <3 ! 4j jllol I 4_j_jajJI 
^ 3 < t CjJjjvI Ju3 4_3 jL_u 4 i_Jj J lILI ju doLb! UfT 4 ^Lc. 300 jja Vju ijJJ3j 

.jLLa^Vl 4 jjjL 4 4_ujjj£LJI L-t-uljVl <_3Liu3^l J_l3 4 < ^ Jl-^J I 

l_ 4 _uL 3 ^I 4 ? -la Hardness 3 j^L-j 4 _*^_l 9 jl juLa ^jL^G jja (jr lcj 

4jj_<a 4 jjjLJI <jjjj£]| l-4-uIjI jls — jLuJ^U 4^jj_*-o 3jLa JiLujI — 

CLuuo^yc. 1_4 1 3] j-4.4iSd lj 4 ? j-tToTJ' ju3o 4_33 Lb 4_43jL3_4 J-u e-up* 4 Elastic 
^yk. kU3 ^ ilyCuz 4 Bending Stresses ^LgLjVIj L7 £A\ obL^J ^ ^ j 4 
4 ^jjL 3 ^ 4 ^ <jji 3 j 4 ^jjjl 1 I Elastic Materials 4_J jil jljll oLia ^ 

Elasticity 4 jjj. 1 I liUg cjjjsj j ^j ♦i_£L*_ 4 jji 4 j^e-o ^Lbej^U c-xluaJI 

i 3 jL* 3 !_ul 4_3 jL3 3j-l 3 ijjjjSJI c-ojjji L^j ^ . u33 tjy 3JI 44 jJL*JI 

Jj 3 jl jjj >-dj3j 4 j3j3 cjI Jljj 

. 4_lIL*JI 43jjj_^ i_3jjjl 1I djLLill j_43 4 » U°> L^jISj 4L-JV-1 j o j 4.3 13 jl 

L-cjjlji L^j ^31^33 ^jJI 3jlj_jJI 4 5C3L£_jI! j_?d I Lill3 I 4 ^1_ujV1jj 

4_u Lj_uiJ I (j^o I j >J I jja J Jju j_IU33 LiJjj I ^4 4 4_u jj LlI I j j_sj£LI I 

Ju>J 4 4-Uj 1 1 4-lL^jjJU ^yliL 4_<_uLj VI dll3 3j Jl£ ^Gj . 3 JjjjJI 4 -uLlaj^JIj 
4_4_i^ (j^c. 1 ^3 ^j4 c 3c. 1 4 ><33 O-o. 4 L$J j3U33 (_^lll 4_uLj_uiJI ^>-ol j->dl ^-A I 

n 73 

3jj^»1I j-j-c. L^jjJi^ 4llLI3 ^yi] c d <3*> lj . 1000 j-st-Ls jjjGt_JI j Ls 

^1 ^33 ^jJI iThermal Conductivity jj>JI Jj^jiil ijr hL 3jU 


( 18 ) 


4 4^311 jJL u 4 -lIc. ^y_A La (jylc i_^L»_uj! 3j <3iC. jjc_u Jj j3J 4 ILa_j^ 
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^j-o tjj5L<a ‘ 4 Lub.4 J 1 i \ n, a ^3 1(7-7 ) JfLjJI 

L^jjaXS \ ) ^_La lu ^yl^ 4_*_t«bjV! (JjLLa->tll <jr) j i-La_jj_jJ a^Logjj ^..-‘Irttl 

4J jJ^uXl iU^jLJ! ^jj-JjSJI t_»_j_jLj| (j-4 4^ j>i/> 4 Cj^blS JiLiJ I . 4aiLuh_3Jl 

^ylc, 4-t^bjVl l'M t-» ->.T I ^__J| uL> I jl <4 _o>»jL>JI CjLLa_>*J.I ^ylj 4 j ^ « .-^tU 4 La^>* 

(J_l 2 l j_a u^j-usalLJ I ^j-ia-jLJ 1 5 * <j-* 4l j a \ a 3j^..t^>.T I ) . <j-b) V 1 1 

(tJiLtiJ I ^y-L^ 4ialabJ ia cjQSLII I -LI) 


4bL3jmij 4Ldjtiill lj!2u iEVttl 

3JlC. i4ajjjl_<JI j^£j| c__x_x_i \_j T 1_£J ^Jujlu >JI £)l 

ij, .-** *■ 

<■ , < » .uaj -L9 t 4uLJl CjLjjj jJ I Bjj-calU 4_U3_L*J I CjL^_iVI (_yz OL: 

3Jljj_*UI 4JLUI oJ-^j 4_<-sdL>J1 cHj 1 3 j i I o~ 11 j-l^z tj c_jla^ \ <-_3J J-c 

t Cj l rtj i Io" 1 1 0-L& ^js^i * 1 1 1 ts^i V 1 a ijT&jC. I (j I Cj. j Ij Ju9j . 4 jjj LlI I J I jJ, 1 c 

:4a] L lII lLsIoLLII jl L$J-4 ^^yllas^JI 
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Energy Storage aJaLLJi o 

.Fuel Cells L>U. 3 ^lI_l^> - 


.Solar Storage 3-u^uiJI 3sLk]l <jj}3=3 - 

Hydrogen Storage o? o-^j-kd 3_cll^> - 

. Containers 

.Lithium Batteries CjLljLLj U3 — 

Electrochemical 3« ,„ t 1 335 La 3.3 I ca L35SLL 1 3^ Lka - 


. Supercapacitors 


Electronics LJLu^SJV! o 


.Field Emitting Devices ^ ,15-k l oLkVI SJ^.1 - 


.Transistors j3JI 


. Nanoprobes and Sensors oL-uL^JIj 3 j^LJI oL^=II - 


.Chemical Sensors 3_3 Ll«j£L!1 luLoL^JI - 


.Flat Panel Display Screens 3 ^-L,.,t l oLiLL - 

Microelectro 3 i> iaj > SLJd 3 /Ci ELdl j 3_^Li^ > ^£J( pL;t l sj ^>.1 - 

. Mechanical Systems (MEMS) 



• Composite Reinforcements 3_£l ^al.1 aljll 3 j^33j - 

.Water Filters «LJ.I 3_i33 (oL=e-d, ^a) j3>La 3cLk3 - 
J.LJL1 3Jb»d c^LW. ^ 3-a.ckkJll Membranes 3 j i3.Vl 3cLk2 - 


.Water Desalinations 

.Waste Recycling oULki I ^jSl - 


.Drug Delivery *■■■-*- JkL ^dl) aljjdl J-auap - 
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8 


^>1 Gbj iU) itliUI 


JjI (_uJI ^ 3 1 I t^i cTi lu I 

J JLX 1 <4 oln^tj.1 JJ 1-OjJ I C. CJ jJO>J1 

. * 

CJ-a tfuli^l t4_JJ_ll_(JI 0jl J CJ Q^J^SLII 

I^J^j edJjj 43 MU 1 jj)3»H J}U* 

iJI 4 j->. jJ ^ULU ' 4_ua-A>y I q II 

. ciLlj L^lUao 


4£jLLgo La t Li a°) ljuk t 
3^£JLua Uj_<a jjLJI Lj>- jJ 


4 ^Jju L^SLs 4 j 1 U 1 ‘ ^ £- jlLU L 

« o L^j LU I » i j r c cj I^UujlI I j cj I^UujlI ! lU L_a 

j> 

1 ^ I II 4? 1 3^,3 4? 1 1 M->" tT l 3 Ml I ^U ^ ^ J-J^_U I 


jjL^IjuM! £_ j Ijj cj 1 1 j Lo j . 4 <a Jl2UL 1 

LfcUjoa 4 _jj coUl (^Jl^j 4 4j^jLl!I 4-LL^e-iJl 

CJolj jJ9j .4 .ua 4_t Li 3 jj t^> i 3 Jo Jl_>J 1 


<±uiui c_jLji t-jLid l*-c jzli» <ji ^J-ls 


^ ' C. 4 . _i_i_i_I. I (4 ‘3_}Lx<aJ,l ^jl» 



jI^-uo^/Lj 4j>» ji^jsJL I j t4j«iUtl 

ij±P o' Cy* 

SJlJ^S d_ujLtl CjLiil (_yJj 




(( 4_*_3jUi J-££- 
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JMiw (j! t jjLlJI l jjvjJj_cSJl! Bji^ljJI dl 3 j t U",ll ^dl q_u 

L^jLu-aj 4djLjj_»aJI 4_}j_)l_Lll J>1 jJs I ^j-o LdaAJ t-jLSL11 ^yc I JJt dha- 4 ? t<~> 

. 4 1 7: ^J. 1^ 4_dl_>J1 t4 1' I 4 J La 1 Jl gtTu-u 1^ 


l Li I 1J I 4(j^_Ul 


djjLJI Id^-uhJl • 

4jl JlJ jJ_4 4 J 4 ^_Jj£Lll (^jl_SJl C. d^LifcJ i jyj jJ 

La^jj-SLj 1 Idj LLLljl Photocatalysis L 7 _ 3 j_iaJl 3 l^JI ^ l U^ a 

4-3J)^-3lJ, 1 dl 2wjJfc_U i jyC> _} JlC _}}Lu3 4_lC. ^ ll jJ I J_43^1 4 J 1 LJ 1 

ijy 2& ^Ij iNano Photocatalysts 4 _^ll]l 4 __uj_iaj 1 dljG^J .1 ^ l^L 

4jjV I j Lt < 1 1 ^ » ta 47 I a Lvljij 4 4 Lis dl jJ i_u JlIc 

^j_<5 Bj-ualt 1 4 L 2 JI (jJ 13 ^-Lljl jjLlII 1 ^Leli 4_5t_pjj il djl 

4 Multifunctional Materials dl3 n tvd lj dLaljGG ^V1 3 jjl»iL1 jIj-11 

I jJ. I ciLij $. I J I j 4 lo Mj-t I 4 j I a"i 1 1 j 4 j ' 1 4 ? 1 1 d l sr 1 lo jl^X 1 j-LS" (jr ?e - L ^ ' 

.5j_4_uVl (jy dlj_j_uuj 4 _jljL2u dLa-i^ 4 4_4 jdilll 4 jj_iL<J1 

Sun Blocker 4 _l>-L>J 1 S^diJI dLL&_}j dL^-a^ yy. £-4 -<-qj l_L« yy^ 

SSjLdJl L^jljdG ^yA 4j%U ^-U-^-cui I ^yA 4-4 ^LSJ! 4 J rr < (1 4? < 1 1 1 2Lui}U 

d belli 1 ^j-43 J-L&] 4 t-albJl ^-JJijlIlj 4 jI_c.jJ 1 d^l -3_>. £-jLli \uLA ^y 


^yc 4 3 j4j 4 4? ilo ) 3l b » 11 4 _lL>J jdl b UJ 'j\ dl j 4db.yLdl ^JytA 4_u^, 1 1 

Anti-bacterial L^u^lI] dbl J^_g ^pJI 4 _^j/>.H dljG^Il dJ_J 3 

S L^-U. 1 jlj ji u m )V 1 U^jlII Anti-fungicidal dL^bGllj 

t 4? j \ 2>y g 1 1 yy. yj IGj 4 ^ 1 JJt LcuJj i <i ) La \jjfcj 

i_3^Jdl 4 GJLlI 1 LjIi^LJl ( jyi II (_ r ic. 4 4 _uoL>- 4_u 1 ^Jj^LLj 

ji 

. l^a L^ulu-o 1 JlIc. (jLojjVl j. GaJ ^ 1 4 4 ? j 4 jJ 1 ^1 j-*-!l ^j-o 4"j 4? nj 4 4? U 11 

s . s 

dlj-<L>Jkl c. 4 ?Iojj ^ ill 3j^>.Vl (j 43 lj_L^ ^lj i_uVl Juki tljj 

ijyc, 4 4^ijl 4 (J j L-dJ ,J >. 1 jJ 1 1 1 da <_u jJ 1 4 j 4? Pi ] 4jjj l_d 1 4 ja J-Ga] 1 

3 jjG]l L 4 J 4 >Ll 43 jl>La j-sljj lLL ^1 Ijuk .Deodorizing 4 ^£dl jdlj>H 

^Jl 4dLjli,lj II j-*-Jl (jfA (dyill c_j j id 1 4?L_4 4 j 47 nj 4_G_4-aj ^ 1 c. 

. L^j Jl> ^^ yll 1 4jjJa_Ulj 4 jj_u£LJ 1 ^1 J-*dl L^ua_d^tj c—cjLv. 
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3 LL-Lo 4_4L». L>w j ^1 J J 1 ^ I JiJfc3 UJ I ^-LL3 1 4 3j La_*J I J Li I ^1 L°) ^ 

t Cj L L-lU Cj !_$_>- 1 1 4_u j) is~\ 1 1 Cj 1j_3_>ii I Cj Ll-lo» 4.3 1 3 mi 4 3 j4j 4 3 1 Li 

3jj j^a 1 ^ L « <>Vl (_iil3 4 ^LLj Clj !^3_><J, I (Hl3 ( L 4 U 0 tL^jJLs l^-al 

I jj l 1 gjlf. 4_u j£j j _L j_& CjLjJLs j! Jll ^c. i^'\ i-j. — ljjjJ 4 4_L>L 

^ . Self-cleaning ^^l 3JI <. ^jL nil ^jVI La a *3~>3 ^ ^4 

^ -* ** 

t4_jii_*JI J 5 I j-hjVI £_<_4jIj J£ uoJ <jVI ^^1 yuz l Lfc^-iCj CjLtHlil 0J-& 

4_uL«-u-t-uVl L^jjJl2j 4^j^_»J,I 1 4_uj_*J I 1 P< 3 L 1 a Jjlj <_ul VI iJ7 lc.j 

CjLeIu-o La.u.uVj 4 4_a J 33 U 4_jj>. jJ j-£3Lll CjLtlu-^ U 4 g V <<MI 4-^Vl £l i nVIj 
.J, l^i I llj ^_q.4-uJI CLise-u^s I I jjLJI Lj>-jJj_(Su 


i»£_ijLLiZLn -LlluSi ^13 LjLo_i_>- • 

t jljju jl^c. ^J1 Ti0 2 ^ 3 -uLuTJI Jl_j cu£”l ^L 3 jLu ^JLJI 4^_*_« 

^Lu^>VI jlj_a 4 _c.LLho ^JiitlLcuJ 4_<ax.LJI 4 3j^L-u-a dJIj Laj C-<_iL 0_p- 

4_u_ 4 2 JI 3j3_4iJI l*J 13 3jlil aJ^t i_ul ljL i_o! £_^j3j .^Vl-LJIj 

(jL-uj^L 4_3j j is~> 3jLs L^i 3 jVLl 4 ^3 Ll^-iSL ' l_$3l_u j 4JLj_LJI 

431^ iTi0 2 3jli ^LJI ^ j L -c- ^ 11 cjLoJI 1ju& yc ^ L.j ♦ 4_LuJ I j 

1 4_pe i<i 3 ( ill 3,3^ ^-* LV I (^JlLo t £ j) ^ 11 jjL-£2-c jju J 1c. 

4-Lua L>sJ I 1*1.13 CLl£ij-C. . cL^VLaj ^ (jL L l a- ^ J I 4_L I Lj J I 

£ '-**** 

4 3 1 L ((Flaking j 3 33 » iL^jJ (j\ >. 1 43 uj 80 j3_4 4_uL_«^_^LII 

^ylll 4 ^ ^ ^.u-^-3uil 4_*_L V L^_(3dj_*_j JlIc. l*U3^ 4 T 1 O 9 (jLfcJu 4 j1LU (_LjI _^->«il 

* j> 

.Ti0 2 3^La 1 ^3 * \i<~t 1 J_>- j3 I 4 mi xa^VI (jljJI (jy-B l^_uu 1 i>ijT l_.4_h.u3 

jjujjI Jiil c ci 1" 3e_4 j £. La_LJ I c 3^ t^^y-Hslil ^JLL_4 Jl_Lcj 

s 

(-LLuU-(J I ^U-uL (-Sj-JU S^-ALLJI 4 ?JuA (jLuoJ (_U I J j 1_*J I (^y^ 4 _j_LL»_I I 

4 -/ 3 a-iiiu 4 iil cj! uuljjJI L*il3 ^jL3 j^\ ci 4 -p> 4 Photoactivity ^>^11 

^u2>Luo3_4 VI ^lc. 4 _jJLc. 3jJl^ L 4 J BjiLj L^jL 4TiO ? lHjL_u_>. l_^J * <3^ %. ^331 
^j_43 Cjljj jJ ^3 ^Jl (^jJj I JuAj 44 !■> mi3 < 1 II — jJt 4jLufuL Ltui-il 1 ^ 

4-C.l 4^1 <11 » lllu La_L*J I l^_c. . CjLj_i_>JI lIIIj ^_L i_u ^ ic. t_ui^ V I 


^yJI 4 O L_u_>J I (-*113 4_3JJi,l oLLfcjJI j CjL m^i II L^jJloj (jylill «4 j9_aLLJI 
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£dUI 


s 

3jL-^_3J1» ^ i_uL) tSjLU L^j ^2u£H 4_u^L>» 

; lo 3jj) c 2 a <-u_jJ 4 _u^L>JI . «Photobleaching ^ 

(jlj 4 j^jL Jlu_uI^I 1 ^ ‘X 1 .4jjjLl!I Ti02 CjL-ujv 

. ZnO >. . 1 <jJ I i_\_u_u^T * L^j kXj-u^ L&j I 


I 3j-&LLb 

(j I ^Jl 4 j jJJJ c_jL i_uVlj 11 {j£- 4jI JljJI ^ £ ci_iJu>oI (j I CjJ 

4_*_tluV 1 ^ / ^>J-3U JuiC. LiJ^LJl \jJb Ti02 ^ ^J-lL-uJI JlJ t_u£T c. 


.4 


jJu . ill 


(J-U-O- 


_jJ! 


tlu I (Jj_4 j jJuu^jC t j r c 4 oLs 

Cj^L-^jJ.1 *>L Hi I jya jl ^ j ts*t II ^)-ol i-^ILol 4_ t^-i_) l£L-pa 1 il£^ 

jx. U 131 ^Ij^^La >^lj j ^L ^'ll Jlc t 4-i2i]l Semiconductors 
dlL o I jjJ Valance Band^jUJI ^ 4_*i1^JI L^Ljj^il 

s 

P ho ton CjL^j j_4j I 4 j3 LL i 4_u yH2) 4j9 LL> — ( y yuz j J i^t a I t J I ^J, I 

jlj-^3 — <_uVlj cUJl (J7 \^. « Lfcj5j_4J»j L^jjLjJ ( jr JL. dUj J — <a_3Lj — energy 

CjIj j £_ujj . 4^l_kJI cllij L$jI 4jte_£U^ LiLIlij iSj jJI 2h° (j 1 L> < 1 1 I J & 

L^Iu-co^I ajjHls 4_jSLj l£Li, I t Ti02 t4jjji_<JI 4-u J) xJaJI Cjlj-3_>JJ 

tCj^L-sD^i.1 4>L lL I (j-0 _}ljJ,l (_)-£>! I Sj-Ju-^dl 4 j^jLJI (J-O-LjLL^ 

. 4jjJL£ jL-U-ulSd l_^J^ (j_4 LC. 

I ^"i 4j °> (jy 2 t 4 _jJLc. 4 !3LL> djLj^Il£LI s ^l o j A c_j1 ^1 JlIc. j 

4_pal i_aILc L^jL^ i3j jJl 3 1 ^ jJI 4^LLJI 4_^_lS jl J 3-c 

Jj La_) ^ < nL t Qj-SU y >* I u I! 1 1 I JljO 

J» s. 

^u-uL <_3 j_*3 JjVI (jLLa-dl ^ 4JL^ij ^jJI ^Conduction Band 

cjL^TtSd^l (jl t L _a Jj^JI 4_<-^^L>^j .Band Gap ^ 1 L> < II 

4_jJLc. 4^LL c__< i-uTtSL ij^bl^LJI (^LL_j 4_*_sl ^Jl 4 _jj>-jL>JI L^jIjI jlo ^j o 

^LUj jnj d^jl jJI j_<_oj>JI£ .Band-gap Energy ^3 

.3jj?e_4iil (j_4 4_4 j>*jL>iJ! cj! ^^TtSLlVI (j^L^lij L$j .(J jj-d 

j^Lsu La-Lev L^jI^ .4_lIL_u CjLj^ cu (J_^>iJ 3j jJL (jl 

L^jIjj (j_c 4 ^jLj .CjI_L^ tiJ I (JJUj (J_<^j>o 4 j sl£LJI ^LLaJ-j 1 $-*_3 1 j-c 
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ub^iU 

I cilij L_Sju3t_tJ l_4 j UJ . CjLc*: luJI 4_o*j_<3 CjLc.Ij^ 

CjLLsc-XJ 4JLcL>JI CjLc.Ij- 3.II) 4_Xu^Vl 1 ^ » 4 1 j-a jjsl_s iCjLt^e tfoJI 4_JI ljj 

e. CjLjjj j2j 4_uIj j2 LUj V 1 ^ 'X I j . 1 ^ 1" >Jj 1 $_jJI J jjll4 (4_i_>- j_<j 

! j) I U. Ti \ ,. ^ I Oja L^jlS Ij-o CJjIij — 4_u 4 jS Us I 

3jj1j (Jj».lj 4 _ljIj 4^jl>- ^ 3 CjLjjj^LWI Iji^L&j . j is ~> jIcJI Jjl La-i 

Cjl JL?C_<l] I J/UJ L^-Lu ^Jj ^ J^->- CUjU jJ jljJ tCj^Lu^jJU 0 Lllu t {jA jljXI 

jLuil j-i (_aJ Jl$l>JI l±LI 3 jj-oL-u! (jr ^" 3 ‘^Lc*: XJI 4_uv ^a 

.l_<l>.jXIj <-_XL_uJI — (j\ -Xa-3JI 


^ t-> , ., ^ T ^yjlUl ■ tA Tl • 

L^J^W J-^" (32>^ l£X ^*1 (jj-Sil CjLuLl* <-aJ XjL^j c J_j_l2 

4 jlf. 1_£> ^ Jus « (J) 3 ?r~ 1 1 (_3 Jl^j 4 <j_^3 4_ij^>o 4 .uLjLjJI CjI *_aL>JI 

4-jj) iJ^j>U CjLj ^U! 4_j ! jl ^^JLc. t 4 _jj_jLj CjLl_j_l>. 4_3J jX I Xi O 2 CjLS-lLs 

*3JijIj 4 — jjl>o (jJj-3-II J — :9j . jljXI jcla — <-u 2>^ 

I 4 i (i jXj 1 ( 4_jj) t^tC. 3jL«) Lii-jj-p-t-uV I ^j,o ^ 2>^ 4 3 1 lo CJ_i i_uj 1 ^j4 

^Loj . Xi02 3 jL« 2)-^ 4-j jL>. I 3jj1j ^Xa ljj ‘XUjj tj3L«j_jLj 2 

L:r li! l11^j-Cu-u ^ I ( jyA CjI^j 1 JJlC. c_j! i_u_?e_3 dU 2 Jljlj 

_ j? 

^-JjJL 1 y'l 4 ft I < <1 1 1 (j I Ju9j . Ti02 3_i LX 4 j^r to < ntl 4-iv.i < <iU ^ to aj 

. (jXjj-p — luV ! ^>1 <>->» 16 10 4 j to • j Ti 09 2j 4 

CjLj 4_j (_ujXU 4 j j) i^i*] I 4-gjXaJI ^>Ji_A ^J^^ J-SUU (_iLI2 JLjlj I 

LiXJ^J t-U-AJ. 4 JI ^-* X*!2 I Jujj^uj ^yC. 4 -OJ) t's~> 

d^LA ljj I i. lo V 1 4_j_L^3 3^113 JLjljj . 4_XLtit_4 4_j_L^3 CjI^. 3^ t 

s> 

4 4 /^>V XI 4_j_L^ 3^ ^ 3 jX I 3 4 Ljj ^3 Ljj^ijjJlj ^j-^^Luu 4 3 » lo II 

i ^ 1 .0 jj-ju Jljlj I <sl_4-> 4 3 1 lo II CJ Jj^Lj ^jl L ^ -X j) ^ II lUjI jjj j 3l I 

(XQj 2^ 2j> 3^ > - LlI I ^Tt-tTi ljj I Jl9j . 4 3_l^ j 20 3 jX j ^ 1 1 j j <^>^11 

3 jLo ^J_lL>ij ^ lr. (Ti O 2 ^ ^ j-u Lt-pi I j_j <_u^I ^y_j Li 3 jI_4 3j t 4 _jjl^3J I 

^J] 1 ^ I j jl>o j ^Xa_<_uJI 4-Lt-ujlX I *4-jj) is~i* II LiXjj-p-f-u^ I 

• 2j» 3 ; JJ>^-II J- J -<-a£~I ^L« 
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(jjjdJj ujl>j 4J 1 11 I < ii Lfc^Lj Loj t 4 _ 3 j^ell]l 4 > J-d dijlM Jdj 

d>j£l dx-p. i VjL>- 4^Jl_*JI ^£1 4-u-^-lH ^j_ojl JlXI £-_j-o^>- 4_xibs_i 

Ti02 3_}Lt 4 jjjL<J I 4_u j) i's\ 11 dilj_3_>i_l I 4-tlc.ld (_£Jlo (—ijLtSJl dlL ^-iLu 

4-jj / ^ 1 » 1 1 ^Jl j_*J 1 j dil j jJJJ (jy> ^_La i_uVI 4jld^j 4_jlaju (JLt_o ^ 3 

L y}\ 4_j_l^L>J I dlL ^_jLuJI d<-*j>*jlj ♦ 4 3 Alt **- 1 1 4-u-uJ 1 lLs! i_ujVL) 

iJ y ij-uaJl j J ^ 11 dl — I jJ 3dUt (jlajJU 2 ) I ^^1 Ti 02 3_}L — o l_^_i £_ — Il o j j 

3 J ^ J_o 4_x_u J^JLScj La iL^jljjJj ^£ dildt tluJ I 4 _ij>. j_o dilj_?ed ^J1 

4_u dufc di L£j_o ^1 L^1 jjj>i_ij 4jj) da » 1 1 _} I j_1, 1 (JjL>o L^j Lui l 4j^d 
^IJJ! c a j lo m 1 1 ^luL 4 -ti-oJtJl oJJt du.^m ^a_>J I dUS Jdoj . 4_x_ulj 4_3 j Jn-^ 

Self-Cleaning 

Ti0 2 SjLo diLt-i-Cv L^j £_ dd3 ^1 S^-J-dfl SjJlSJI dllj d_>-ji J dj 

dl Ld 4_*J2 ‘-‘J-l 1 4_Lid ,x_o (j jLadlLi ^^LL (J^jj-SJ 4 4 jjjLJI 

4 j !•*> r. 1 oM-L^j (j}_J^_4ij! 4_d ^1 3 t dl^Ii do ^dt-i do d j 3 r< 1 dlJdJ 

J^LLiVl Sol dl ^^yd 4 _od 5 tS i_ 4 iXl 4 ^^J Jij) 4 /i 1 1 ^-ul 4 ^> 1 . Sjl iVl dildl tiu^ 

3_iLo 2)-o 4dl 3 d 4 Sj4j 4 S 1 Li 1 4dll_id 4 _*jj i-u-ll 1 4^_i di S^ddLl, 1 

dLbJ 4 _^>»L>*jJ 1 4 j V\ c. M-l ^ySl jJl c ci j m 1 1 i^y^j *-i dUdj 4 4 jj_iLl! 1 Ti02 

jf f *!2 *\ 

^ 3_dj> <^*>11 ^.uLio (2)1 (__)-ul <— tj 1 (_- r Li Sj,^ 4 ? 1 1 d j_u . diLbl dfLJ I 

(J^_t-^jJl 1 ^ o 1 4_j^ 4_uj_d 4^LL I 4 I 0 di d Lb LdSLl 1 (jSvL Sjjj>-^JLl 

J! 

Jd (Jjl^JLj . di Id L 4 .LSLI 1 4 J U r. i o^LL ^^^yd 4_o JiSedoiX 1 4 S 1 1-^ 1 1 ^^1 4J ^ i_u_i 

i_ui 4 jLoj>- i \y 4jjjLlI 1 Ti02 S^Lo ljLlll> ddLL dl 4 Sj.^ 4 ? 1 1 idt>d 

2)-^. 2l>oL(J1 4_u^_j j dj-^l 1 d> Li-t-t-ujdl 1 ^_o 4 _j_>-jL>J 1 dildl d£Jt 4 J U r. i 

L_o ^ c. yj dj 1 4 _ju 2 <-4ii 1 L ^ LLi V 1 dLL (Jiw 1 j 4 jj_^SJ 1 o J i_u 

. 4_JLi 4_3jjjwO 4dL^ 

4 " ^ lo S" 1 1 1 » 1 — 8 jsLdi l ^ ^ 3 -SJj l ^d S jj_i ^ 1 — 8 ) JsLd] 1 ^_d 

4dl S mi 4_S_dj 4 S 1 101 ^ ij-uaJl dildl tiu^" 4 j lo r. I o^LL ^_u L j jlj-jl 

(J-Jduj Juu dildl caSLll 4 J Ip C. 1 SjLSj j! 4_oLd (^yd 4 4j^jLlII Ti02 SjiLo ^yC 

4(JSLdJl Ijufc £yC d"l 1^ . JAU1 SoLdl ^yd 4_OjL5tS (_4 lI,1 ^ J) t<~i II ^c_JjL-£2_0 

4jjjjJ, 1 4dL£UI i_djj_L d<j>i_i 4Sdc. j, ^ miV (j S 1 1 1 (JjjLdj 2)-^ ^djJl 4 _j1 
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C < 4 Ti0 2 4 3 t lo ^1 dt3 i_ul £-A 4jjb 4 U_uL*j ^^lll 1^ j-uJls 4_lII_»JI 

^-cVl 4^((<_j)) 1 — 8 ^JSLlLJ I ) L^jjLoj 4j>-jj (j^£- ^ 3 ^ 4 j) <^II dLbl 4 j U c. 1 

♦ ya <11 (Jb»lj >— j I jlkll SjLjVI (_g jjlula 4 to4L>JLl ^11 (^jJI 

ob>J-*JJ dJjj>»i 4 jjL 3_/3 (<d» 1 — 8)j (« >-)) 1 — 8) J 3juj 

s> 

Uiu((^») Ti02 yA 4 3>Ui ^lU SjLjVI dlbLd^ JlC. Ij E Ur. ^Ir. 4 4 < <i3*i 
o' ^ <3*nl 4 j. ^ Mil 3 jlc. Juuj »« J»^_>.VI *-JI (J-Uj ^-1 

^±L 43 Lb 4 4_<Lu^ 4_u JllA d L lj i_o^j 4 jlr. C-i-tS, Iqj J b 4 Ltbj ^ J II 

(« _S» 1 — 8 ) Jail I JJt (J - 4 (J^l J ^ ' 1 1 ^4 lA 4 LlH»_4S 

" J? s 

*_U_jlj ^.^Ullj i3j C. j-£ UJ^ 3»1 4>>I,I 3jLjVI dLbl cii^ 4 j U r. 1 3jj_uo 

* \ 

3jI_3j y\J 4jjLUlI i_4jj 4 _jjl>.^o 3jj> 1 /^ CjJl^I 4 4jjjI_LII Ti0 2 4 3 iU \ 

j> 

.*}LUjl 4 j U r. Jljuj (J_l 2 > *3»1 4^11 olbldSJl ^U ( 11 T 


^jjSLdl cjjJuJIj Ljj-LISLJ I 4_>bLSL4 • 

j? 

0_4 L^J^>»I ^1 4 3^ 1 1 4 j3j iU~IIj 4-uj^-lII 4_U tlujVI Jujl^j 

^ ^-u L lq] I Jl-l<-4^1 cjLi-lcv. ^lc. ^JIjlII ijr b cjjj^_±JI I dLuidL^Vl 

4-U J) 4 >>II dlj 3 j>J,I 3jjb (jl 4-ua-L*J I dj st_JI dl dj 4 T 1 O 9 

O^L$_> 4-jj) 4 .0 » 1 1 dL£jJJ j Ej II ^JaL>o ( jr lc- 4_33l_3_JI t Ti0 2 (JlLo 44 jj-jLlII 

.Microorganisms oLul^LII JU^ ^ 1^3j >1 Ui 

j? 

L^L>JI 4jjjLlII Ti0 2 cj! 4 *-^ ^-u G 4 ^^^ilII <— jj! still I 

4 Escherichia Coli (E. Coli) 4 j^dl L i ^ j^.jVI ^ 4 bjj^ll 

4 4j j-jIiSLiJ I Lj^L>iJI (ELL 1 -EL^j I ciJJj 3jjb^ 

4 _* li/Vl yA ^L* iHjI j J ts~t Is J-^lj (_ui 3 jJs 1 ^ <>|J9-3U (J5E>. y-4 

S ^1 UlW / cm 2 y^c. Lfcj I Jl3_a J V 4 Uj < (I 1 4b LtSbj 4 4jsr « (i 3 1 1 1 1 

Lj^L>* JaLbj »l <^> 3 II o? ^iH-lII daj. ^ U I 4^>.! 4 ^ulj-i 

9 _ 1 JV. (^jbl 3jj) 4iljMI M ^UJ o' 0 ^>-d 4 4^^_»J,I LlLoQ-lIuJ V I 

J? 

4 _ 3 Ljbj 4 jj_jE 4 j U r. Lj 4jjjLlII Xi0 2 d Llj_i_>. C < 3 1 r. I c I lil 4 (_Jbl 

^bluj CjE! jb j . 4 <>>311 ji o-^Etbll (^3“^ o — 4 ^ 3l3e_^ 4LiJLj x_4jJ I 

^Jsa i 4_*_b^J I 4_jjJLij I d l 3 i U 1 1 ciJLlj Ji b I ‘ 4 i_u 
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L>Lkil liIIj ^\c. $.\ u 

A 1 cTft V 1 J 4 4_jjo: ljlUl! ill Jj>o]3 


L^3jJd ^yG> <_3 C. 1 jUZJ i Ti0 2 dl' 


C A i » 4,0 Og. 


Ltdl 




£< 5 W 


— dVl ^ JlC. CT-^ t<: ^-' a >j3^J>Jl 

xQj j 1 1 1 3«; L<_dl -r - 1 t i,o a ^lo i to 34 


4-j^_sl_<Jl 4 _o j) *.otl di I^_3 _>lX I l_ 4 _J! £-Li^o ^yllt I 4 -lj j) i-o tl djLs^j j_3_!1 JoJ 

. 1 ^ 33llaj ^ I^V 

4jjJl>- 4 uuljJ L^Jjdj 4 4 _l^-L»J I ^ollaJI <^1 3jl tliVI jJu>oj 

4-oj i>>H Cjlj_3j>J.I 3j Jd ijr Ll i_dj juJI i_d Jl^j ^2009 ^L»JI d Jj-^- ! 

Jlo t4 3l» 1.1 0 .VL 1 4_3Jl_*J! dll i_uj^_ijaJI (J3-S (jr^- Ti0 2 3jLI, 4 jj_il_<JI 

4 to mi J 1 ^j4 jIji^j ^3il lJLIj La-o i_u_I! io-olSLU «-u3Jl 

j> 

dll3 Ci i^ol-v. j 4j .(jl t_u_>^U 1 (i 3 nil jl_^_>J 1 t m jua j ^lll dil 1 

jljljJ 4_aj^U1 4 -lo-lI 1^ 4 JO- 1.0 II 4jL*i_>J 1 (J_a1 ^-d ^3 ^J1 4 4 i_ul^ jJl 

( jr iJ! JJ>Jl dlloO-Lc ^yC £-Jjjl ^1 -dtldul dl_!3j i^^LoVl dll3 

(j^£. LjoL^o (jr L^3j (jl l^jLd ( j r c 1 j 1 1 ^ »j i i,o “i (_y3 Ti0 2 3jl_a Ji^jo 

l_djj_*_t, I 1 1 ^ <J 1 ^yC Jd (j7 HJ 1 3jola->Jl dll i_uJj_L4lJI £yC 4-13JI 

.Swine Flu (H1N1) j-jjLLkJl ljJ>yU31 ^u-uLi 

s> 

^L_uj 1 ^ t H 1 N 1 d-3Io 4 j i's> U, 1 4J i_4i] 1 L*J 1 c_ _*£o 1 ji-os^ 

dil£j dJl dc <_u_^l_o 4^JL*J1 ^£1 SjJutlLo ^£ 4_i 4_i 1 i^o^l 4 ai^j 

C 4?jto^J ^£ Ij J^>«-tl dll J 3 < 43 3^. ^l3ul 4 4.rO 1, 1 4-jIUil 

. L^jL?c3_Lc 4-c. 1 ii^i ^y^ L^JUw^lj 4_j^_sl_<Jl Ti0 2 3 jL« diUMU j di L llo. 

^3j-3J1 ^ IlJl 4_jiot_iJl ^oLoJl dl 13 ul£JlO 1 

J! 

J-^^> L^3L?c3_L43 3j j 3_i 4 3 l^?eJ, 1 dil£j dil dllrJ 4_*_iLlt 1 4 jloe-jJl 

4-OL.LLlljJj ^ 1 1 4 j3 is~T\ !jyCi dl 1 J a 1 1 f^yA JO Ju>J 1 1 1 Juk 

SI 

1 -LA . 3_iUl dllTo di L llco 1 ^ o- to Mil 4 j to it") t " / j to r. 4 4 _i^L>- LiLoiy 
4 _oLsLjJ 1 diL^j-dJl ^JuoJ L^j^j>-1 4 L ^^j>- 1 4 <-utj-i 4_d Ji£j3 <_^jJl (j^>Jl 

Masks 4_*_d I ^ln3l ^_yJl dJ-o^^3 jd L^_il 4 L> ^o^LU ^1331 (jr £ 4 /^o /^oo-" 1,1 

4X102^1^^ ^_ya 4jjjLj Cjli^Ua I $~y - •■ '« T u^LJI » . ■ i njJjj 

(jJJ j (JJ (jijJI 4jtlaj H1N1 i jj/jj_L3 Jla ( _ T ic- 1 g-I 


(7) 




;L^JI 
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g. i _ulj 4j L a LJ llS SjLjl ^plJoj LltSj rt. itl ^^ujv ^ Q 1 — 8) ^J-SLujJ I 

LjLaLt.u5LIl _ijvV (i_j) i4jgjljJI Ti02 ujL-j-o* ^j_4 4jgSLa 4_a 1 3, < Vi 4 i » l-~> ) Ip 1 1 1-~> r. I 

^ua^XI 4„ t<i i}') L_a I LuiUJ g.j_>» (^) v_al tiiS (j_4 (-^) *(t) 

4JL)^Ls SjJla 4 _L<Jliuj _ulj — J-aLSLJLj w ' — 3 jLjI iilu^ » 1 1-> r . (-^) t<5gMIa ^ILi (~^) 

ljLISLJI IlL-A L^j^a . j 3 £_gv^l! 4J ^3.* a 3 jj ,u->tt) .3 jL_c Ij.^ ,<7iI Cj-L-Lo! 

. ^4JL<-xH ji^t^TI Jgj-LLLJ I ( j £juUi 4al^bl 


L^j £j-4Ji j ^y_jJ 1 3 JlJ^i] I 4_u ^\ 1 1 I j >2 I 0j £ jj 1 « (J-k^ isy—^3 

<-Js^_c (JL^c.1 t ~ < 3 Uj jJla 4 4 j^jLlJI Ti02 cjL i_j_u>- 

k_jjl_5cIlJI C-tT<-uI C1 a-uv idsLua liuTn-u-l Li l ^ jr u2j\\ 1 4_p* I CjLjJLi_*JI 

J! 

£-J jj I c. a l"r^-4 *-A LjuJ \ (J7 ^ Cj 1 i_j_t_>J I dJJj 3j i 1 ^ylll I 5 jj 1 JloI, I 

^ylll I — 4-jj i c. J I ^_<5 LAj 1 u c. Li — Cj \-j-u^j. j a 1 1 L y^JUJ Cj L) I t i-j^-uSLJ I 

. 1 ^ j 1 c. g.1 ^ clULj < nT ^ylc. ^1 jus 
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^ULj JJllU 4_4jUL4 ^]rtul) • 

^.^yk. 4-u-JLl 1 4_£ Jil 0 I 4 C_j1 ALII O - 45 (3A A1 (J-igaAll ^^y^ LA 

L^Li O- 43 t^LAJlj jI j_i-£dVLi 4j>-jO_A1j i4_uaA*J1 (j-u i_uVl {j}-a 4_Lu_c 3 j^c 12 

o' ^_<2JjAa_Jl . 4 jl 3^IL« ^_1C 4-LQ-k dikl A.A1 ^^yll (j ' 

tjr lll Qa-jjuj 4_L6^l_>iJI CjIjLAv Vl *_i s.1^j».l ^Lul 4_ji i l_L& 

J> 

^c-u-u^j (JjA {j-a Ti02 (jfA 4j^jL 4 a i la j SlAaJAl jl jJ. 1 ^la < <iT L^-u. 

3^_&LLa s.Lak-11 c h AAl ol^J.1 ^Aa i_u V ^jljJI i <? j la m 1 1 4 j 1 a c. 

3j A ^j-o 4_<_u!jj ^yJ! I ^^3 ) LilLa_<a ^jL — <- u_>. (jr s o^ ^-1 AjAl 

Ti0 2 ^yCt 4 llai SLLaiAl 3 jUI ^Aa uu Wettability JL ^yA *U1 cd j 

. 4 j:*- < <k < t II AAuVl ^A-a-tTuV <_pajAlJI JlJUJ (J-J-3 

c. LLL jjQjlj J LAI 1 <a 3jLa ^Aa ljj 4-JliL^ ^_Aj 4 J i_3jj-*AI 0 43 J 

4J 4i_ufcl 4 AAu Hydrophilic *1 AJ 4_^ - Surface Wettability 

*U1 o* 3 jJAa jolaAs 4jjlj ^ (_oj U 4_L - Hydrophobic 

o'jjt AAa caAj UKj . La 3jl c ^Aa A Water Contact Angle (CA0) 

La-LA ill * L^J 1 jjLLj ^LAI cdjAaAJ L&jA ^la <<ill oL£ 4jjljJI 

Q .cALL (jl_J <jLH Cj 1^ la a 1 ^ la < n II ^^yk. 1^-LA (Jj i4jjl^Jl ALL Aa_A cA-2 

. 4_Ac f£\ jAj 

: oAl U* O’'- 5 Oj LAs o I VI LLlIc. LA * L 1 <v c. 1AA 1 ^ jla ^ ^ Au (j^-Ij 

^_AA c ci j lo s ljj Lc. g. UU ^yA jl jLLa c_A i_u_3 ^ j_Aj 01 ‘Lt IjVl 

^ ^ r< 1 1 J 1 JlAl 1 c_A (_A 0 1 cr^ 4 1A 1 j i VAa ^Ls-0-1 1 O' 4 ^ 43 4 L 

JLlC. 4 4 »b> Vl c_ iiJ 4_« JiitIL<_Al 0-^ <-u ijr A. ^1_L1 0- 4 

t-A j) i <ij . 4_i_*_<a eh 4 7} t L> ^ SLLaJLa La_a A 03^ — 36 La II (jA L^-Ih>.jl 

O’ALAI Ov (33^1 Sju^LAa 0- 4 ‘ 4 Lj i_u_J lj 4 <a ^ LI 4 _jjj5eILI1 ALL L_A_A 

L>*3-^ ^ ^Aa <_u_Il 3 ^jj>.jA 1 ^LLl Cj Ij, L 4 La-Li-L0 *^L 

4_A t ^“3^ 1 ^Aa (_oil (^ylc. jAj All « ^ Li 1 din )) 01 (jr^ baVl 

4_j_*_<a All 4_S_AaJL ^ ta»H ^33^^ Lsr^ ^3^3"^ Cjl^AaAll ( j f A 1 l^_Aa_! 

^3 0-^3 ‘ jda — A! L:r k. 0- 4 U^'j! — Aj <2i\ j£ 4A_A ^yk. O' cA 

♦ ^Lua-U 4_Aj A 
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3juj-S 4 4 ? jl ^Jl CjjI ^1 ^LuaXI ^ I] 4_jjL J j juj 

jl^ 4 La ^__ 4 _ajv ^_La i_u 4 j L> <n L^-ol JiJfeU i_ul JljjlS . Ti0 2 3 -J a 1 35 

^^^lc. I jLjic .1 ciJU I 23 ioU-jjJl j__. ° cjIj L_*J jlL^j 4_uj_JLI CA0 - 4_^_^ 

I Jl £t ^ Li < .1 (jIoj_*j La I jl 4_j j Jlu . ^-<-u_>J I I Jufc < <1 ^jouj LJ ^jj 4u 3 i!j_>. 

Cj Ij. L> 4 jLs 4_pe ujJiI ill 33 S ‘L* loVI ^Jl Ti0 2 3jL$_i ^ L>» U ^__luj>JI 

4_<v-l^ ^s \j±£ Lu^Liit_)! j ^ L > ) jLs ^ -' Lj - 3 luJI I ji_A ^JLc. 3 j j->* jLl ^ LU 

L 3sj Ijl luHjI j JuTlu (jl ^S 4-C.jjJI L&JlIc. jJjIu ^<u j_-aj CA0 4_jj IjJI 

4 ? JlA 2 < <1 33 j I 4-ujse-iJ I Cj L_u Ij Jti I j_« j_u^ C-J 3 L>. Ju3j I JlA . ^ I^> t <1 I 1 t _ r lc. 

L ^Lt3 J . (9 ‘ 8) IJ^LJI (j_u L-u 1 j^ c < > ~>i— i j I j 4j3 ji ^ 3 £>j-A 1 1 1 

^MI jl 4 C_> L_u I j jJ 1 llUj ^uLu 1 II C^mI (jr^ 4 _j_LL*JI CjIj-j < u 3" 1 1 

4 4_i 3 j-Cluuj> ^ LI* i j-4 Cjlj_La_3J 4 -Jsj-jlj JlLc. 4(^_>-jL>J I ^L>jJI 

^_La nJ I I JlA Lfcj lj_33 i_u I j-C. j_ut3 4j j Ij ^u_S (JLU 3 4uj£La 

Sjjjwji,! 4 jj 4 ^ 1 » 1 1 cjLjII I j-o 4j>jJ 4 4 ? 1 L> L_-< 4_uj 3 4Jl_>. ^3 . L 4 J c-oJ.1 

I JlA ^^JLc. 4_»_jl^e_43 1j3uj jjSLa L^j Ls 4 f-uJ I I JlA t _ ;r lc. (^3 l>J I g. Ij^J L 

lLUj 4_lLJlj J 3^3 . (Jj>.l jJI j-o 4jJjJI 4^ Li I (^jJj La ^>.LvjJI 1 <ill 

^ J> 

j_c 4 _xjVI 4 j**- < < 14 ? < ill (33^ 4_» cfuVI jJlj^Js 4_l^>j_5lJs I 4 4_l>- Lv jJ I ^_La loVI 

(j-^a^Lu ^^yJI 4 j! JljJI ^ J 3 J lj_A ji.^ 4 4j3_jLil Ti0 2 3jLa_s 4 I 

4 Cr >-UjJI ^_La L 4 jJI 33 ^ J 3 _>. 3 XI g.\ lo » II IjL^J Cj I j Li 4 ? 1 1 (J_ 4 j_«^Lj 4 J 3 IJ 

JSLjJI ^- 4 ^ 33-0 3 _A La£^ /^L> < ..tl ( jr lc. Cj I j 1^) 4 ? 1 1 jlj 4 ?" 1 11 I j3-i (Jjl^-J La 

4 4 ? 1 I 0 jUa 4 43 J 3 J j ^3 j J 3 A cj i,,. v -, ,„t i (ji^ lij Lai .(2 - 8) 

J! 

V 4 £ Li I j_<j lLL^-loJI 4jl-l^j 4 4 ? iL> ^1 4j3j£LII Cj Ll^scIlI I llUj J 3 ^>o Ti0 2 

J! 

. 4j jjJI (3-LJU 

4_L>-L>jJI i_uVl Ti0 2 SjLo «;^LL 4_t^ (^j II C-4-9 3 J I ^ S 3 

C 4 4jJ I ^S ^ ^ 4 4 1 ^ j I r. 4>l_Js I CjIj Li 4 ^£'Ij 33 JLJ I j_4 CjI ,Llt I 3 CjLLLlU 

j-C. LiU J 3 4 1 ^ "X- \r\ luLj jLulII 3 4_}jjVI CjLlj_l>. jL-^Hll j-o 1 ^ j 4 ?" 4 < a nj 

— CjL_j_i_>J I lLLL ^_La i_ul 4 _^JLlII 4_>. j_UI 4j3_L£2Jtjl I 3 -L I JjL>i_j jjjLs 

t dlL I 3 SI 1 1 j3_i J3^tj La — 3 4>> II jj4? , a-" 1 1 jjj-L j-C. 3 j i_4i^VI 

.^JL*LI 
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3jLa CjIjLu-uJ' ^Lol CjI£j lIi £ja (jlaju t"Ulo j -L9 j 

Cj I j Lu-u-U 4_jj>-jL>JI 4_jj>-L>-jJI ^_La <_uVl ^^LL t Cj Ll-lo>J \ 4j^jL Ti02 

^MkJI I Joi> jj 4 1 4 4 mi AJ^a jaLuJI C-< iis . L$j 4_i_ul_>iJ! 1 jIj-LI J 

J 

Io 1 1, V I tilil] 4_Ul J 4 jIj3j 4 <L^jJII *Lu! 4 _jj^JU j-±£- ‘ ^LiLlJl 

L$_JI i—^Llsl La^ tjl La_aVl 4?l_oa o! j-Us 1 * q-3eIj I t^yz 4 jjvU-jJ! 


. l_^_La 4_u I J I 1 Cj Lj^j>. ^J_jJL>i_j ^JlC. 3j wLU I 

Lfc^-j uj ^Lul CjjL <_uJ! 1 4_i_ul_>. dl^c 5jj_t ^ (3 — 8 j 3 ^ tfuJI 

** J? 

2>-^ 4-3 U tiu 4 I tlo i i 1 i_u-« i i Ju3 ^ iJlj tjLLa-^VI (Jjlo A O- 


^IITu-uJ uaJI • l-^-J c ju^alJI J-La La-La 4 4 jjjLJ I Ti02 S-iLa 

<p]l — oLJJ Cj I j. Io 4 ^"Ija £_aa Jlj 3 Sl^-U < n ^J-C. 4 a t L> II 0jufc 4 j £)l 
2~3 j La 1 1 lo luj jLualJVl 2>-® — 4 jj) t^iC. CjI 3 jJ_ 4 _j 4JLa-5e-c 3_}U. <jj £a 


. 4-t^jJ. I Ja UJ 4_jj>. 4 j-UJ I 4o3ij-J I ^ ^-<-L>j 



-L>. fill 3 ^ k->,4 i J51 lu <LjjL3_4 ■ \ 3 im c? l^>_t.l^>.->ia ^,.< <ij : ( 2 — 8 ) ^Jis U I 

a a . t-\ < 4a^Ia _ olj ^jSL!^ 4 4. . 4 1 1 3 i ^ t-N , .< 1 1 (“Is e4^-« U-J-i cr^-k-j ( ') 

^yj JU 4,t^>.^La ^j_LaI_4oa 4 JiL_<iJI *^i02 4ajjla uLuuo. ^j-4 4_3JJ-« 4.3_t.4j 

> 

l^I 3 i 4 jjL3_« ( l) ^y-laJil I .4<iTI ^U,t 3^_La_2 jj-ui 4_j^lj 4 <a_^2 

,( 1 °)( t j)3jU.L lc Ja-iJI eiUo jujajUJI 
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oL>] LjljL—tuJI itLyyiljy £[y-l ilcLaJGJI 4__j^ 3jj u~> :(3 - 8) JiL-LJl 

f 

iTiO? 3.il_4 {j—A 3 4l ^ ,7, A 7i . 4j A 'A ,Vi s \ g a ') ^ ' t-t jl U flVI ^ t-> Z»s g 1 Vi I Ll)j-< 1.LI 

. ^ ^ 4j|^JI i^_L4 2j^-i 4jj 1 3 o U uLU3j u^LuaJJI L 4 -L 0 


4_>j311 I 4_>J l_2l_4 • 

J> 

4jjjLlJI jIjII j i^ya jju Ti0 7 3jl c cjLl-u-v 4 Ls_i i_u_o L^3 L^ 

,0 

<. jJs i5 J J JlT. CjVL^_4 ^ Jl^cj (_uJ j! 4(_iijLIajJI BJiJlJlUI 

if S. 

.J — )lll' Lo-jijJSu (jt £ (J^a I ^>"1 4 i_j | — ^ I JuUj J — ua_3 

(^j CjLlLjX. ^j-C 4 3 1 V" I, I <?1 j_ 4 j 4_>JL*_4 ^£1 -LLa ^ jLjLj 

Volatile 3^-jl L" a 4 jj) i^c. cjL£^_4 ^ ^3_>ij ^jJI j ‘4 -LcljjJI <J -u^L^ll 

3jU 4 jjjL<JI 4 __uj _^1 cjIj_^>J.I jLg i_uLi dJL-taj t Organic Compounds 

(jl ^Jl ^4 ^L*j <-jL — i_ul — cIIaX I Ij-^-i ^ a ^e- i Jl (J-^-»-Il *Ti0 2 

4-1 J ^ t (I ^J1 4 4 4_4JJuJI 4-33 Ti0 2 J^-O^L-u^a ^yA 4jJ_lL CjLl-LUV. ^ I Jl jfcTt.(-u I 

f 

^ljJ,l 4jj3lll ^_La uj I Jj>» 4j>- 1 i_u_4 l^ILjlajuj CjLl_u_>JI dJJj jl tiLLil 

i C j 1_i_u_>iJ ! uilij L$j Lr lll 3 j_j_i^L 1I 4_pe_La_4_uJI 4_>. L<-u-4-U (jl^ JulS . L$3_>JL*_4 

cJ-aI (jyj-Il j t ^luz-CiA I ^yA 4_4^L3JI 4j^ mt ? \ ill ( 3 ^ 4_3uiVl (Jj^l jjaJl 

—uu£ J-4 1 ^ 4 L^jjj l^-^P d)^ eia L lj-l->J ' tilij 


(JjIjsiJ ^ ic 4 j^ Cj 

( 12 ) - ^ s 

. 4lLu.ll 4_3 jJu-£^ ^^>-1 4_ijHlL) 4 jj) is~i* H Cjljjli,! 

4_X^JJ Cj 1 7i ^yA 1_4J Gj 1^£LLl> 3 La La-! 4 1 ~\ jj^iJ I I JJt ^A-U2 

4 j a nj 4^>Jl_*_4 I ^ lILI jj 4Ti0 2 (j- 0 4 jj^L CjL_j_l^c_j 3l lo » -c 4 3 j4j 

1 I ^ Jl^3 . 4jj) * 1 1 1 jJ, I Cj L£j_4 Cj I JojjiSL 4 j pU, 1 4 JjLlI 1 
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J> J> 

L 4 J jl ^ Io| l£U jj 4 L^J L*_e 3 jljd \ 4_l^Hj I CjyS^J 4 4 jJ- 3 eIli 1 4j I JlJ 

^ L , ,.tl | Ju£ till 3 Juu t^y Lf. . ^.4J-4-C4 x] 1 4_* d V 4 < 

s . ** „ „ * 

tJT lJ Ti0 2 cijI lj_c^_i 31 L » U 4_l£j^J I 4j^U! ^j__e ( _ jr L>- I jJl 

c .Activated Carbon daJui.1 o^j ^] I Jij-s^e ^ 4_^L3 

j^jl be 4^_J <-4ijl£LJ1 ju i_4^Lj 1 {^yC. 4_ljH]l (J\3 1 4_4iJ 4t-dJ3 

t jLc.^_<_u CjIjLc. ^^yJI 4J jj^ILe 4 4_)^ItU 4 jjAU 3^j 1 lo" 1 \ 4jj> 11 CjLi£^JJ 
4 4_aj3jjJI ^-La_ 4 - 4 i 1 ( jr ic. da cdlll CjLl-ujv 1 ^ /^>"i e i be 


. 4_ljUJI ^yC 1_AJlC. 1 x^aj ciJ Ujj 

j? 

— jno ^il I g. j) 4<ol 4_tIa^JLi,l 4 jjjLLII T1O9 CjL u -o> 4 e^-e JuJilc 1 J uj 

(J^LjlIII Cj Ll-l.l>. Ji_^i 4 ^i,lj — 4j-a- < <i3 mII (Ji^ jJ u-^a-e 

b$jJ 4_4i^Ij 4(j^J9^L!! CjLt_j_i_>. 1 ^3 4^1" el (jyld! 4 jj) H CjLljjja* £_e 


(12) 


43_uJJ 4_3 jJh-o 4 to j i u) 4jj) i^iC. diLZj_e jja-ia ^Jl (Jjjstlu 


4jjjLj CjIjjIj £) c. 

4JLlj& 1 J-Le_*_e 


4_j_ej_ei^il lj Ll^ >J) • 

3jLlc. ^ 4 Quantum Dots 4 _ _j_ej_e^JI Cj 1 _lj_i_>iJ I 

U, J> " 

40 M <-->j_e 4>L di j1j_e e Nanocrystals 


(X, Y, Z) 4jjMj jLatjf cjI 3 Nanoparticles Spherical 4 j oUj 4^- 

j> 

£) 1 ^j-e ^ J * 4 e L" < e 4_t d j I 4 e Io"< < e 

j> 

CdSe t CdS 4dil_i£^_e ^Jde cj^L<-oj 2 .I ^Li uj^ cjl_i£^_e 3 jj t^£- ^ 

^_i-^Ll»J 4j^jLj cj Llj-ljv- 4_lj-^ (jy^" b^ 1^-u^ 4 ilia t CdTe t ZnS 4PbS 

jl tFe juJlj>JI 4Pt (3f\— — i^bjJI tA^ 4 ts~ y 3 1 1 4AU < < &JJ! ^^Jii-e 3^, 

. CoPt3 iPtFe l11jLu--u ^ Le 4jyis l£1jL»_4_4jJ CjLi-t-uv 


■ojLj 3^j # 

i ^ J_4^A]I 

/ j ^-4-41 -l^^j-iJ ! <~IiH ^ L u^ - dLH ^eJLc. ^Jl d)^l_Ltfa^XI o l_i £u*l 4j^jL<JI 


4 1 j_tl £yA 4_e Jl 33_IJ 4daJI o Jui ^>-^>1 


4_^jj_eVl Lp_ejJ^^< 

3 jL^tUXI CjLjVjJLj 3 j_i^_ 


A - Louis E. Brus L y j ±>—? 
oil Bell Labs ^J^l_*_e ^J-e-dJ A L^dJI 
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j_uLj 4_l3 ^ ^ 1983 ^L*J1 LlIjsj VLlo j tluJ ~ 4_Kjj_oVI 

4jjj)jKJV1 ^_y=>\ j_>J I (j\-u±j > o [^£1 CclS l_Kj_o CjIjjJL CjU-lc*. _il_*_ji jj» 

^jU1j-3j 1 ^JjJI ^ ILv 4 l^r. (j-uJjJ JJ t-a_t 3 Jj_lJ I (J-^jljJJ . L$J 

IjKUj j] 4 o^U ^$jU1 UKU jjUJI ^1*J 4 _lo-L>J 1 i_Ul i_ujVl oljjj 

j-iK j_tK 4 -Lr. jj />>-> o ^j-o L^J 1 jKLoj ^3 JjUj JSjK jKlulj Cj 1 JutIL<_u 1 ^j_o 

JLu jl Ujj_c. j ^_j IjJ . CjV-<-^J-I .1 0 U tlliV 4 _j_oj_K-I 1 Cj Li_i_u>iJ 1 j o 

4 ^jl 1 o t Kavli Prize 3j5U. 2008 ^ UJ ^L*J1 (jxiJjJ JJ t-a- J3 J j^J 1 

t 4 _ocjjj_lII CjUsjVIj SjljjJ 4 _*jU 11 ^jJjlU 4 _ocjjjJJI 4 j_ojJiUV I £jA 

Sumio Iijima Lojjtjl jj-aj_<-u j_l^ UJ1 ^^LLJI ^JL*J1 ^_o 4 3 /^>l_Lo ULI3 j 

ULUj t ^ 4 jjj 1 _l 11 jjjjiLll c_< _j_i l_j T j j ^J-JaUll 4 _JI ^ j II 

^vlr. (JLss-c ^^y^ 4^>UJ1 U^j U. 1 Jul j Ucj>-LlI Ij 3j_oU_uJJ U-A-ij-^J^J IjjJljj 

. jjLlII Lp*. jj jK J J 


oU^l) 4^LU! oljjLJl UU3 jlL^l <j_u Jjl_3_0 j 9 i _ ; y_ALtJ ^-UJ 

1 JLA 1 ^ j. ->iJ (j I (^y^ i C j IjJ_o jjU 1 0 J 2 ^j I jJj ^yjj 1 l ( 4_j_o j_KJ I 

3j 3 50j 10 (j-A-J Lo ^jljla Cilj jJI £jA UjLC. ij-LSLJ-'aJl ^_ ;r OJ?eJ>d 1 j -p>J I 

0-* Single Atom 4j.iU.Vl 3jjJl ajjJ «_u UU cu3 Lr ^> IjJ * jjffVl ^yU. 

j-bljji,l j j r.j 1 4_j_o j_<KJ 1 Cj 1 ij-Ljtt-U < b Li, 1 j- j r. c_<-i£^I<Jl 1 .3^1 1 1 

^j_o lj^-^ UJlC. — <_u_j_Ll ^jLj 1 gl <hT jU 4 jjjLj -il^-<a i^\ 

ILla oU-LaJl j 1 ^Loj-A> 1 _i 1 1 o JlA d<J Jj>- . 3 JlJj_ 3J 1 ^^-oljUJl 

4j I 1 & . 4 ^ ^ai 1 jr. 4jj_t-^_J 1 1 ^ i^> 1 cr^- ^ J^J - *^ U 1 

(jU t4 j^r < (i 3 1 ill 4 jluoi V 1 ^JlLc t » j-UaJl £jA ^_ ; yj>.jU. 

JLlC. 4_jJlUc_o ^jl^Jl ^Is U^2j ^ ^ 1 Uj ^oJ o j) < J~a 11 1 JLA -CJ 1 ^lj^ 

oj-fJaJl 1 ju4> 01 Uaji lj) j ^U<1 . 4-Lm-o Wavelengths <Ll>.ja ^Jl^Ui 

^^Jl CjLlj_i_>JI jl U4I c> u_uL3_o ^yJLr. UK U 1 <T< r. ' jloj-*j L^_L« cj_*_i_Ltl 

^jAJ . L^_lKjJ ^^y^ 4 UljJl J-i-ijljjtJl C__< LMJJ 4j^_A) ^^LoTlC. 1 UdU 

^^1 Jj t cj L t-t-u>J 1 UL13 jLUsi j>Uui 3^1 jj o^ 4 U_a j^*U oi ‘-U jj-UJI 
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c_ sLLVl (jyjQ ^Jj-LaJl 4 jL^j) L$J_4 <<<<?< 1 1 1 Q^JUI CjL*_i_iI 

j> 

^^a-SLu £_4 CjLlj_lj>lJ I 0_LA 4iSjj 4_i3 ^ jJI 0-3 jJ I I Jt_A t^4_ujJ,l 

. La j 1 L 3 T ^LjuI ^yu-LJ l_3_4 


/M :a . , U". ti • 

(jl 4_uaj_4^-I1 Cj l_i_j_L^tlI 3juj_3J! cL^Ll^J Ij 4_uLj_uaJI I I C-<->-IjI 
t4-tC.i LuaJl CjLc. 1 L 3 11 j 3^1 3 JuJlC.j 4^. j_u_4 CjVLs-c L$J J >u 

4 j t LI 1 j 4 _jj>- jJ ^_uJ I 0 1 3j j-LallJ I ^3^ O LujjIi^J V I 4_C. l_u-£S V I tjr ic. j 

. gLatbeJ.1 


4-4-klail lj^TL>J,I ^3 • 

^Laf LnoAii Fluorescent Markers 4 jj^3 ajls^ cu3 - 

_}L*_J O jJlj 1 4 ^ a 4^4 <_u_>JLj 4_uLLj <_uJ! Lj^L>JIj 

— CjI_4^L*JI lILLJ 3^_aLLJI q \ J IVI c 3 1" . 1 ^ g rr -v. jjuua^ ( -H L 

s> 

Cj Llj-l->iJ 1 jl L^l jLsu! i_3^LL>.Lj i^ljjVl 3_iJ_>Jtl — oLa-^^JI 

s> * 

4a^!ju-a! Cjlj 3 J j_>. ^J! 4i_j i_u^JI Jlaj <■ 1 jJ . 4-4 i_uJJ 4_uaj_^£Lll 

s ^ 

♦ ^-<-u->iJ 1 yU* j-uA\ y^- ^-dl <■ a Lu^ii (jVI 4-4 ji^Iu-uJL 1 4_JL*JI 


£ I ^_4j 4 J tU Cj I j 1_3ju 4_j_ 4 j_4^J I Cj 1 i_j_l_>J I t-lLL ( J_4->i-J ^<uj y I 3-3j — 

l_L*_/-b j_4 j ^>- -Go ^-<_u_>l]L 4_u LL>^_ ojJ 1 L>LkJI 4 j>. ^ 3 0_pe_i 4 4_L Lua-^ 

. ^-<-uj?e-U 4 -^-lLcJ \ L>UkJI jl l_AJt^lj«4 


l_j L*J V ! £>y g ] ^j_4 J~±-^ 

4 CjI 3j> F i 3 l^J 


4-uj^3iLJ^I CjI^I ^ • 

_l_J_l_>J I C 3 jlo^j C__<_jL>- 

>0 1 />>j I 4 4 — ibjL^Jl 4 — r ujj3i£L!'yi 


:4-i]b]| 

J! 

g.^ 1^1 1 1 4 ~'( C. LJ I di I J>j) ) jJ I 4 C. 1 < ^ £1 J 3t3 i_u_3 — 

^ 3j>^»jI! 3 ^Lu^aJLl J_ I4 Light Emitting Diodes tLED 

julc. j. 1 (j jL ! cj L I 33 ^ — i_uJ I c__<_ j L>J I 

4 « i j 1 JL. jlIc. V I I 4 J jJ ^lc. ^JLu La-Lu * y I 
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Og . I ^Jiitlnij ^ 4 LiJJjl^ . ^-L<-JuTl.U jl JlJl!L_uVI 4_ll_>- 

^ljjJ,l 4_tfoLtiu 4_3^H£Jsl CjL>-jXI (JljXsI ^Liiji 3-ij^-jXI 3^j* x^aJI 

Jl 

. 4_Ljjl<s 4_LC.Ijl 4 jvj_ 4 (JL_3lu_u1 (jy £ ^JiJtIL_ui.l ^Lso yy£ g.^ is~n 

j> 

(jr 3 i_iU Ix£j 4 jjj^J,I diLa^LaJ 4_ul jJ I 3 ^Ll^VI iJT £> ^j^eZ i_u3 — 

CjL_j_i_>JI lIUlj tjyz — IL 4-5 jl i 4 _JLJj> 1 — U-I I ^j-LaJL 3jj^>^XI CjLj^Lc.^1 CjI >. jJ 

_il_SLji ^L-i 1 4 a \"i ^jljJlj g.^ 1 CJ I J 1— L<-uJ 1 CjLjl tiu^ - £ J_l3s 4_U3J_^£Lll 

^£ 4_LjLlj_ 4 (J3^3 I « 3_}Lc. ^HJIj iciXJj ^£ 4_4ju5t3 i_uX1 Cj l_i_j_i_>J I jl La_3l 

. 4_jlju>-j 4 3 1" -Tt-4 (jljJU g.y is\ II l_$_L« Ojl. lij (j^*- -iLuVI 

. £-jlj_cuJI 4jjjijJ,l CjljLiVI S^Ltol 1 ^ ^jZlZj — 

J> " ^ t __ ** % .* 

£_u-^ 3 jl t4j ^4jJI jjJlj_3J1 Cj^LuTu-a CjI j j i LaJ ^ JlJ^j i_uj — 

. ^^_lU I 4-at-tiu I 1 ^ < a 

.^1 Ij^Vl dlb djljLu s 4 i y y ^ojer^u-U Blue Laser jjjjVl 


3 j u j l>JI j-2LLiJI Jbu4 * 

j 

{yQ oJluJ I ^Jjj>JI ^£ 4_u3j_^LII Cj L i_t-t->J I cii-lj c 3lj^j e_jj i_u — 


L^LUli cdJjj Photovoltaic Cells 4 j UI ^jjjJdl 4_j ^uz]\ L_j}UJI 

4-lcu-l! I o Jufcj .4 jLXI ljy £ 60 jjbtjj c-.<-<-u-u 4^l_kJI Jl_uI ^ 3 4_jjl_jJI 

** 2 

^ J-^Tu-u-t I 4 j Jjl 33ll Q^£Ltij i_uJI 3^La 3^.l_3^ 4_t i_u_Li C-Uj^jj La I jl 

LJ (j-LpJ t4jU,l 33 4_i i_uj t^. ic. 4-jj, Ij-Lll 4j^l_j^ J^3 ^ (^jJI^ t4 i ii 3*i 

. 4-u-u-^-LuJ I 4^LIaJI ^JLe-c {JJ £ CjL_j_i_>J I lILIj 4_ua_Al (_£Jua 


4_u4j_^SLJI ul)LcuuL>JI ^yj • 

"o'y j 4 ^ j 3 J >o 4 jj cu-lU M cl 4_u3j_4^L!! CjI i_j_lj>JI (J j_4_s 

4J L>J I 4_ya ^_<a£LI I Cj L L_u_>J I ^_«-u L Lc_t£ 4^ j_u_u_d j-lC. 4_u>. jJ jjSu 

4i:^a djLtjl .Solid-State Quantum Computing 4 .1^11 

Cj Li_*a_»J L ^L-jJI j CjLLuJI {yyZcZ ^£1 Cj Llu-u>J I i_dJj ^ I ljj I ^Jl [^y-GjZ 

^L tIL T 4 _j_«j_^JI CjL_u_>JI 4 j ^ J) 3*n IX eilljj 4 3 J LjlXI 4_ul i_u_>J I 

Jl 

lj_U>. I y_Zi J jjjj . 4^ J_t I_u_4 J_l£. 4_UJjj£L!l I JJ>- ^ J j 1 33 1 1 jX, I 
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jl> ^ r,i\\ Nature 4 » j i Io 1 1 4JL3t_a i yc 2009 ^L*J ^_jJ j. $ <'o j jlc. 

^jSUj Yale University 4 tJ £j > aV 1 Jjj 4 _*_«L>J j _>13 J-^ 

4 4_H_3tU 4 -uzy£ cjLjI ^Lul £> 4 

(sJLjlJI (jy. , „ a ur hi Solid-State Quantum Processor 

^£ i_aj I 4 j JljJ_ 33JI 4_jj 3j_^_>»VI l j r A ^j^>j 3 < H 

Laj j3 n «. 1 _Ij I Signals cjljLiVl (J_3JJ 4_uj^iiSLlVI cjLl^IuJI 1 ^L * <~n 

i_ J 1 to 3 " luV I ^Jl (_uJ 4_t_<J^_^JI Cj L i_t_i_>iJ I 4 4 _jj 1 <_uj>J! Cj L i L^jlI I 

duC-j-tjj l _ jr £ 4 _jJL_j_>. 3jLj lS-*]}-* 4 Cj LlL^jlI \ lIIIj Jt j 3 n ^£ j tl 

tluJ £ La \ ^£1 3 wA 33 a U 4^LLaJI ^£” ^Jj 1 33 1 4 j^_uj iCjLJl^jlJI lIHj Jlj_ 3 _u 

. 4_u^_<_o L>J I 4 *a to tVl 


LJ Lu- l^iJ I 4-J^jlj 4-J^ 1 rttl lHjL_*_jJ I • 
aJI ^Lul j (_uJl!^. 4 1 J-tl » 1 g 1 f- 

1 5^jJU £)| ^J-lS ^U-u33 4j^j3 dUL uj J-Jl^ ^JLc. 4 4_ljjU 

Cjj. 4<o~ 4 1 I 1 ci-LLi ^ylc. 4 ( 1 4 -lL>. I jJ I 4 -u-l! I I j <1 ^ 33 jj 

4_J I^J,I j_(-^Ll*JI j.£ 4.QJ (J\s t i_aJ 4 J 1 g f ■ iC-LiLl i_uJI ^Luj 

4£Lli (-ail Jjis3 4 1 *_4 L^-lLlj3j 1 ^ 1 C. 1-33 (jl <a /.O 1 4£L_( lLU 


3 j 3 lS jJ _4 t 4j}JLaJI ^ ^ cd3 


^L1 3Jl*J tJ tjjJ^JI Ijufc (J J) ^>J1 ♦ L^J>-Lijl c_JjJLLil,l 

4 4-t^-u ISLJ. Ij CjI >JL*II (JlLa 4 4_tic. 4 _jj>-jjJ I luJ, I CjLlUaJI xj 

^3 _o 3 (J J ^ ->2 1 (j ^ <^>j La i 4 j 3 J L 4_u^ I 1 ^yz (-LU3 j 

. 4J 4 j 1 1 3" < o 1 1 (JjVtlui I Cj 1 j 1 <; c. ^yCuz^ c-J-ua 


(17) 


j- 


llj ^j_iia]L 1 3 1 < XL a LlIjLj La^j 


jLu! ^ojjL^O J.J '* (jLb 4 

J> 

. 4 3 h V 1, 1 L^l y>- ,3^a_4_u^>i_j 4 4_«l_c. 4 3 t^> t 4-tLvl jJl Cj Li_lu>J \ 

4-lLv I jJI Cj Li_t_t_>J I * Adsaj ^ l j^>» ^j-43 ^t-a^tTu 1 ^43 1 ^ J_A ^yz-uz 


all 


4jLLoj 4_45jl_3-o 4JHJLI 4-tSLu ISLtX 1 i^y => I I 4_jjJ-3J! tiJL 

4 _j^jL>iJ I CjI L^ 3 j 4 4 £L_i cujJ I 

^1 3jijljJI Cjl_5e_iVl ^3iLu Cjjl \ 4 J U C. siLal ^£ L^J i y2>jju^ 

~ * (19) . ** \ 

4 Ip Ml iVl <■ 3/(^3 ^^yjl t _^jl I_a] I (j^-3Jl yA Cj Lu-u U iU i 4 1 3 3>> dxjjj>-i 
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4jjJLi] 1 cLIj Ll«-u.U 4_a£L*j L£_l1 I i j^> I jj>J 1 j i_i! jJ i_uJ I 4 uj I j JlJ 4 rtU~ 1 1 4 _uj5c_lJ I 

3 4 Nanocrystalline Metallic Alloys 4 nn>JI 4 -iiJl 4_^L> 

^j-0 ^ ic. 4 -l£Lu 1£L JL 1 1 ^ is~>\ dlu t l_$_<_4 dj^l jLc. 

. Cj l_i_j_t_>J I 4 j Jjim I J I I 

: La-A L/V 4 _Li_jIjJ1 4^yl_»U 1 >0 J-4-J (4 — 8) jJI 

4_4ji_Si,l jljuLcj t j 4 £!_j_i i_uJ Grain Size cjLl-u_>. ^yu jjliLa 

j 

Yield L^J ^y=>j -*nj ^ nil cjGI j V 4£!_u lUI L^jjl_u ^ nil 

4_j_coSL»JI c__(_<_uLuJ I 4^^1_c 4 io^^La Io" « u ) (j-ui.l nJI {j-aj .Strength 

t 4£!_t_i i_uJ I CjLi-ujv jLjuI ^^o-uliLa £_<a_£ 4 ^)^-jjl1I,I £j\ j lLsjjJ 

i'^t >JI oljL^I ^Lal 1 iJLa Jslj^j 

JuaJI ^ J 1^1 n II 4_4jl_nJsl (ji ^Jl Jl)l_5e_j| CjjLtfol Ju3j 

jJs JSLdilj j^_jj^JI 4^_u i_u 0 ~]\ Ultimate Tensile Strength 

4_lL>. I jJI Cj Li-t-u>J I 1 L*_i I ^_a_u liLc j. j 9 i ^T) Jl 1c. Cj Ij_4 jj5s_j C< a C. \ i^T) 


j-Ju-^UI I Jufc 4 j^_uj 4 _l£ C< ac. 1 iJaJ ^nJI Oi ^J! ciilli t 4£Lt-t-<-a-L? 

4-lIc. l_4 ^JllLci 4lu_u ^il (J I t I 


Grain size, d (mm) 


10' 1 10' 2 5x10‘ 3 



4SL^ ^^LJI 4-o^Loil 4 -ojL < 1* .aLall^l : (4 - 8) JiLZJI 

( 18 ) Q ra j n gj ze jUj) i Yield Strength ^j.>.^ti 
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Cj\7i 4 


i n <? <1 l 4-t-i_t-u>J I 4 _u_lII 4_j^_jLj i4j^JLaJI -ilj-U ciXjl 

J i s~) 'tC. Ji»*Ju cL* jjv. 1 4_a J> t?" 1 ' 4_o»*^J jJSJlI I CjI nj i LallU 


Lk2JI , 


4-cJL: 


XI 3j^ILlX I CjI 5tHJXl ^ J 1 1 S~n 3 l_J i_4jL_oi 


: 4_l! lUJ I 4 _u2. 1 


ill 


tiXjLu-u .A1 oljLj—^Jl J^Lufc 4 _c. Lu-o I 

.(Mg 

. (Ti ^ ^.u Loll I <Ji1jI_u_u) 4 - 0 1 i^i n 1 1 CjL£ ^X l j oljoLLaJI 4.C.I uuus I 
4_j i MjUllUl jljXI cdjL <—u ) 4-u^, 1 1 j-j3 I jX J CjVjj>JJ 4 C. 1_Lo3 I 

<Co cJLj^SJI^ Fe j^_jjo>JI dEL ^ J— in .Magnetic Materials 

.(Rare Earth Elements SjjLlII 4 _on jVl j_^>l_L*JI j 

j 

t^£i 4_^ i_uX,l 4-uj, ^*\ 1 1 4_jJj_os^X.l 4 bjLb Cj^Lo^jJ. 1 4 c. 1 n/-> I 

Nb tiELi ljj Jin) 4 _c.^ i_u_!l 4 m Lb e_< 4 _c.l_n^ 

j 

.Ga a^_u I J in cj^Lod^J,! 0 L 1 n V 1 11 4 bl naJ.1 

. (Sn 

.(4j^jLl!I Cj Lu-iokJ 1 jb (j_ul_re_<JI jXb) 4_uj)^oSLJVI JpLbjJI I 

s> s> 

CjI JljlXI t a T 4 J E> *1 ^b 4_a Jl^TlcuX. I J^Lb jJi J 4 j Af.V I 4_C. 1 M/-> I 
( 3 -J^-Io JSoJI L^IbLajv. . 4_jjJ_b_JI CjIj^VIj 

. .(^^jjLlliJI <Zn oLjJI LiXbl_o_u Jin) 

. (^^-.lcu-LcIXI tiXjLu_u Jin) cjLjLLajj 4 -i^.ji 4 -c.Lna I 

— 4 S 0-1 ljj ) cjL^ jX\ j cjIjLj i_uJ I cj! jj LL o 4 c. \ < ts> l 

.(Pb-Ca f 3^l£J! 

J£l jJt c <?jU~l tt-d <; < . 1 II 4 fljbj 4 jjJLs 4 jUr.l 4 c. Lu-o I 

CjL>-j jJ jol jl j^j VI L^nLaj>iJ 4 .ul .>>^!l 

mbE i_u) Cr ^jLm! «;Lnil L^jVL^j J^l 4 * 1 J >JI 

.(Mo iW Ja-cujsc-lI I 

: 4 j \ ib" < . 1 1 J 4_jJl_>Jl .^jUII JEeX.1 ^b 4iu JosJ ! CjI bj iXallJI I 
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JjaI «db^iU Ubi 

S 

I 3jJ-<-aSLl ( I ^1 Ip * II d-t-33 4-4 Jl3&3.<-u2. 1 J_J_4 L_U_1 1 J ^3lj_2uJ1 ^-Lul — 

^ ^-3-4 jj I — ^ LuTcJ I 4$Lu.<-uJ 1 I JuUZ. U fJ L2l! i_JL I 1 dJL Li-t-u ^ 

, (21) Ti6A14V - 

J! 

(^3-uL\0]| liIjLu_u j v l21l (j-ulj-tiL ^__j_i_u yu 4_^L>JI dULcjJI ^l3jl — 

S 

lP 3 d- X^j i_ul 4 j^jL<JI c_<-A jJI dLt_uj>. — 

, (23) Jib abLU^I 

St 

£•2 y 1 ^JlLS ^ 3 4-4 JL :t3 i_u_l 1 4 _j^_i LU 1 4 jua. 2 I I d 1 l_j_i_>- _tL?t3 — 

s> 

4 a \"i -re-4 £-J I ^]3^ 3 1 ^ rtjlo ^3 ^>.^2, 1^ i Ijj3^-J I y& 3 J j JLC. 


(22) 


(24) 


> o 1 1 


4_jjjLJ1 dLt£lj32,l i 


(25) - t 

^_y2)\y>- l_£J ^^1^33 ^ 1 — dL£lj32,l J-*3 i (J-t-3 L>^ E^-t3ll 1—4^ 

I JL^I — ^<0 » i) jl y — j J 3L4 t E2-*. yc. 42< — tii 12 3juj_c. 

3 jujlc. dl 3 j 1 E>"^ dl 2 yc L^J 12, <-322 ^ 4 3j_j_42iJ 4_j i_uJlL^3I j! ^2.1 

b_3J oil I ju& j~cy y] ^ » j \ E> ] I y~A$ . 4_j — (-ujlL^JI dVL?e2J 

3 _i L 4 t ei2 ^2 i_uJ 1 4_o l_3_4^ 1 j :»2 I 4 a \"t 2e_4 ^ 1 j 4 3 JLc. ^ j 

43 ^ 1 23 1 1 1 j >3 1 ^j_4 _i JLC. yj^Iisy d y~ j lo 3 L^J ^a-2 4 i£” l^3_4 

^j_4 4^11 LlilliJ I Judv i_4_^_4 1 JL*_i j_>l_3l Ljj>- ^3^3 C-cBL(3d I JL^ J . 1 ^ j4 

j? 

i 2 to ^3 i^, it ju&]\ 4_j_4il_i3_4 CjI L-t-irv- ^_lL^ 3 JMiw y^ l£U3^ l jl j II 

Nano-Reinforcements 4__^213 cijULl^ - 4 _jj_ 3_4 j 4 

yjc L^3j. j Io 3 ^ lr. i ^4 J) 22 CjI j_j_i_>J I Llii3 c.*3_i 3 I I i_uVl 3jLI, 

j j ijo/lm Vl 3_}l_4 y\ (_UJ>U ^4J?CJ>tII 3j-L.t^ Cj Li_(-LJ>J I I (_u_4 

. 1_^3_}^L \ g~t 4^ L3-4 

uj Lt I <_j I 4 lo < <i I jj 32 i_4 3 jjo^> (« I » 5 — 8 ) J£Lj2 I y^jsu^ 
^3_u_4j jVl 4_^l j3^ ^j-4 4 -LulJ Scanning Electron Microscope ^^^3^2 VI 

St . ** S 

4_i^l^32,l liIIj c 2 lo j3j . ^ SiC i_uJI Jl_u^ yc di l_LJ_L^e_i ^4-C. j2,l 


lIU dljLu_JI dj l^^t-4 CjL£jJj 4di_ '<-U2 l_^J_4 ;3 ^Jlj 3_4 4-lC. l_U-£3 y^>\jX. I 
.^tjjl j) is\ Uj d Ij3 LEJ I «:lj^>*I y^ (_j32JLJ 4_C Ll/^ 
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JJ 3500 

(V) 


20 cm 


j*>Ui a* 1998 iw, 


20 urn 


^ . lit t 1 • ) u 1 Id t-\ . ' ' A' 3 J, j I ( I | ^33 .. T 1 7T .3 : [ S — 8) | _l‘\..,33,! I 

jJLiJ 4^ <n 4 tn < uLixiVI B^LXI >_lJ Ui 3 — 4 1 ^ T i ^ -<ij" * 3^L_o 4 tent ¥ I 

ujL-u-o* j_j 3 4.3 1~4->1 o i-L-u . ij 4— SluaLj 4 -_j-jj^j Ct_<£) ^ _> ‘t o^J V I 

4 4__i£! ^u- 4 S^La ^-Lc l±U3j 3ju 4_j< j ^5Lj-L— mJ i 

4^L_ud u^L>w4 ^ 4j^ 5L- fau-3tJ Ij 4_Ujdl CjLflj-JaJJJ L^JL&Jj La . a \M ,^> T Ij <LajUll 4_JUl 

LjjlaJI k_JUiJ (<_>) tJSL-fctJI . 1 £l_jj I j ^ T Ij CjljJLLaJI iCjljL mil 

s > 

4_>j^j Ct_<£) 4_aiX uj cLIjJ loI jJI 

JC (26.18) LfrJjjjVI £i\->±+*l j j ,3,^t ldal,^l., , tijsti .o n 

iLuLajJI 3^i! ^Ltojl 3_« 4 -jSIjIU.I .al^XI 33^*-* ^*'1^ 3-^^^ iS^ 

. 3- 1 4^iul I 3'“ J 4_Lu^LU! 


jl ^_dl 3 J jJj 4_i^ljJLi,l jI j II 3 ! 1 13c Q^* ‘II 3 kaj J js 

1 ^ »j < x^aj ij^-£i I j_j i_u_u 3 1 I 4 1 c-Lc. 3-4 jJLstJ I c^ — c_< JjJLl I 

c__*I iSJ I Jl>- 1 I . 4 3 j 3 -a- 11 <__cJ Lis_c £_ja I jJ I ^ £ I ^ I 

/io\ 

(J3lj J? 34JjLa 4 Lr^ (jr^ ^u-UI 4 _j^JjlII 

i.roJs I 3 I — 3’^ <— 5 3- 41 cjr^! S^Lc 

c_j j_LaJ! (—-<-11 (j, II jj^l CjLi_lu>J 4_jj>-jliKJI jj mi 3 1 1 43LloI 3 ^ ^4^ 3JI 

j> 

I JuS> 4jj3j J-4JU iMlld ^ II 3-4 4 » m^II ( 33 LH L-jjJsaJI^ 4_LilII 

5 — 8 I ^ Cj 1 3 3 nil 1 1 3-4 4 Hj L^J>- J c. l_Lt] I l^-C 1 ijr £i ^ JUtUcuJ, I C_J J) lo 1 1 

♦ (JJ 4 t^> H 3jL« ^\-U^'\ 3^JJVJ_<5 3^J ^^sljJV t. fl J I ^ 1 ") (^-$2 I jj .^((C_J)) 
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AjjI j j& 
t»JUali 4X_^i w -cn_d 


<L>4jJj>- 43 


S-Ia 

I' Jjjy] 

43 jk Jju j^-LJl 


40 *>L« 2002 


1287 


f 

j — uj-J JLJkJI i ^ ( nj (I) — tkJI ^yis 3j^ , . 4 - 0 T I :(6 — 8) — t J oJ I 

uJiJj-d Li>j_j^>o ^—2 lLIjI—Jllj ^yjJI 4 4 - 0 4 - 0 ->i^t.t 4 I CjL_ jjj_lII (_£< v „>.y ^ ■»< 

^^jLJLkjj J— jIjVI l_>j_ji_II ^Lkuail 4_u>» L^do 3jj— 4-ail ^r. ,4-W^J^ y^-oj I |_\_4> 

4-C, l 4 1 st ^ 2 4-0 -\^>fcl‘ lxl! I 4 4 1 4-^1 T I 4is_<_< t-uJ 4_tSLtj LSL*-1 1 ^ I 4 3Lb ^11 

im .^Mmi j ^yjiui v j_o ^_4_>-v i j-jj-Ji ^y-k L^a ,,.*» qjlIi uumi 

ijmi ^wL>.L} i 4-^l>. isLc- 4 -j-q jsmmi ^yk 4mij^^3j_cLji Sj^-mi ^j^j — *3 i ado 

^ I *“ 45^1^1 J5i III T I (j 13 4-^1 T I 1^ .^^9) 4 4 1 4-^1 T I 4 _^LLu2_) 6j 4 ^1, i 4*4*4 T I 4_4_)U VI 

(jjj <j_o ^Umi <yJI ^-^31 4. 4 33j (Q-^3ljLSmi JJi3 ^yk 4 _jj_jiJI <J-_4-iak 

^ ‘ c_j^d>. cr^l 42M>JI jI-lLoIj ^yj^-xJ I ^'1 rt.TI B^dS lUU'ij 

4 4 1 4-^> T I 4^Ll4-i> l ^c. juljJ I Bju-xj 4dLoJJI 4 , 4 3 *>i T I tdU3 ^yk L>jj^i ddlS -uis 4j^dI1 
^>•1^1 ^yJI L-^j dLol i^jJI ^j-u—q I m I (J-gj>Jtjj. 3,3 T I ^yjLxJ d<d}l£ 31 4 -l_4j>J1 

4_)L13J I (^Juq ijL>ida^3 o^J3 ^ t I LdLS jjlk tLoj^a^j .(^jVLji.! j-uj^. ^j-u-oLkJI 

> 

4-14_1jLlJj 4_o_iSn u 3 toll CjI^^VI 4 " 4 3 l"4-v I jjl^ 4j_4-bL>Jlj ^y-4-blXl ^yk 4_>tl Lxll La ^—2 

.^mmi £l3_lxi 4_j 5 -A 3 4-j-c. ^3 


j — <h±c. ^lii! (jj-SlI 44 _jj_*J1 Lj^!jl>-? -aj3 j 1 

^_y^ 4Jlmil ^ ^ c_< 1 4^>U I 4 _h_j 1 >J L*_U c h ^ 

8-6 ^JSLtluJ ! ^ ^ 1 11 3-^3 4 4^. 1^4 ( ( 1 ts ~\ ! I (_uJ dl 1 j \ <; C. ^ l 

AjU£2> I (j l-41^t-J La 4^3 33 Lb 4_jL_^^ 4^) 4 , < \ ls~j]\ C__< (-4a5o ^(( I )) 

c_.4_a jJ. I I j_a 4!uJl^J! 4dj L_u lj jJ 1 4djjul jdj . 4 _i 3 Lj, j 3 1 !j 4 _j^Lu L£L j_l I 

djL>JL»Js! dlL 1 3^.3 4 ? 1 1 dlij ^_y^ 4_j^_atj| 4 >j^LjI ^ jJ! 4 dj L>J L lX I 
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t I 4_alHit_4 1 ts~) H ( j^jQ ^iU (_uJ I 4 _»_l£j) CjI 3 >L> ^J} L^-L5 ^ 

1 4_o*. 3 4_i^ 1^3Lo l±U 3 4 jL>» -o . j 3 1 ^ i 4 1 ^3Lc 1 ^33 

lZj-2) 1 4 1 Cx^>- lo •>- 4_*_3 j_ 4 » > ! I ^ <_u La . LLlLo L i_u L3 L L ^> j 

4 l^i ~>a La Jl_lC. . 4_<a-L-$-^ 3j 3l^_*JI 4_uj_*J I 4 _j_ 3 tlaajJI < 3 j_j call 

(j I Jl_j^ L3J I L >~ , a \j . 4_a jol! ! c_3 j-j — i_uJ ! J 1 u~t ) tjr lc. 4Jjj_^J I — i_u 

L3j_L i lj !^_<_d^_4a 3>^LJ! <__>^_* cii 4 » j 1 L I^jL£^ <_jj_*J! 

^To. L^_4jL^t3 i_aj ^ ^^-LaJ I <-iJ 13 a , < 1 is->]\ 4_>J LjlX 3 J 

6 — 8 J^LaJ I ) Cj 1 J 1 33 1 1 C / C . ^_aj Cj L_ 4 i_4iX 1 C< 3l~~>» I (j 1_5 < 1 Jl-A Laa 

t j < <it L 4 _i^ 5 L>J 1 t < 1 is ~) ! 1 4£L_» i_u C-<J 1 j La-3 . 1 Juk Laa . (« <_J » 

4_jiLst_Jl L-a. lH3e_4 ^jCL^LJI LaLa3_&l ^ 3l3 ^ 3 <~i 4 jJl 

4_jj 1 Cj L - L a-*J 1 jojLj j . 4j^JLiJ 1 lLL L i_uJ 1 ciJ jJL _u^ 4 <_u lj Ju 4_j_L*-l 1 

. 1 ^ ts~>\ ^>. 4_j£_uLLJJ ^ 


Lgj 1 3 < < Li 3a^jLtJI 33L^!j3Hl < f? < *< >^ i # 

i4jji_tl33il cjL^I ( j i iiL L^i tiL i4j^jLJI cijL^IjJII c >? j < 

s 

CjLs uj 4^Lo3l jljJ.1 (jojl <_uVl 3jLa — L^J 1 3_}La ^J1 Lc. j i-LL!3j 

jl j I 3 4 LI 4 jjjL CjLo_at_j 1 ^ <a r. 4 ^yC. i L^_jJI 3jaJu>- ^y=>^ 3-^3 

y 33 33 y\ t4_o_jju3o jl 4_oJ jl j^a (j^Sa La 3 jl_c. ^_^3il — 1 $lc. L_3JLbt3 

♦ 4 ogU 


1 A 1^3 




t 33 L£ 1^3_4 < 

jL l La^-lC. Cj^~ t — J ^ lj-3-l I ^)_4 4_LiJ I ciJ 13 y—ujl'u 


JlLo i4_a jo^£Lll Jil J-IL 4_j_Lc. 3jjut3_4 Jjl ts*t 4 ^j_4 1 ^ j 1 c. j) ts> I 4J 
Lo>*. jJ j3Sa 4_3 jj_L_j c__J 1 j_3J 1 <a ^3-tJ 1 1 Jo£> Cj L^ 1^3-4 ^ / t^Tyy . ^ st_3J 1 

0 _a^ JM ^ ^ ell I3j .Powder Technology <3^1 ^X\ 

cjL>-jj Julc. 4_3>-L_uJI ^^ojLSJs! ^ I jl3c3 .ljj L . 4 4 Li I 3^“^ <-u - 4 


. 4_jJLc. 3 


^jij^ 
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ub^iU 


1 JlA u — II 4-bl i^> 1. 1 4JJ-2JLI jl jJ.1 ^ — la_*_4 £)l <j_4 ^_c.jJ! ^ 

tiUb o\°> t4_u_tJI 4 j^L» Carbon Fibers 4_djj j. £ LbLJl 3 j>Ll l-^JI ^2J! 

4_i£1j3-F ^_j_Lu^j JSj^ La *iLij dJU bj t^_ujj c bJldtJ J b a^L^ll jl ji.1 


. 1 ^jlr. I <_j 1 jJLLa-l I ^y=> I jj>J ! j 

S> 

Brake J-4lj_b j3L -ujj Clutches cjIjL <_uJ1 cj! <>> jib -l*jj 

I -la cJlIo^j 1 (jPil 4 4 j I? j t lo" H 4JidVl 1 » 1 tCjlj jLLaJI Pads 

. djLi£l^aJJ ^J-dl 


l s \ 4 4^ 4 t lit t LjL^IjJL4 • 


^LdJj Lj 4-^LlO I^_U_uJ I J I^J, I ^j_4 I I -LA t__J I ^->-4-3 I 

43 Ld *—£> ulo » dail <_JI 4->- 1 ^j_c. 43 tfoLcJI CjIjL^jv^U 43_4jl3_4j t43_}^Lu3 


• <Jri-^>> 1 " 1 


^ j 3 4 43 Lb t ^ j L^£J 1 j I j >J I 


jl ^-u^Llc. “-r* II^-S-II dllj 4-bl 4 . 0 1,1 4 j^jLlJ! J 1^1,1 g^ma 4 1 J I 

c_j J)1UL I I ^3t_U L*_3 4 _jj>- U»j e_b Ld 1 j I 4_j^d_4 Ij-u-u _} l^_4 4 4jjJLs d_l3 Lu_u 


^yc 4_dd I 4 >JlA ^ Jl3&Ti_<-uj j . L^_l 3 i 3 to ijIL-u ^1 djl 3j ibvdl j 1 ^jlr. j) ^ ->d ' 

3jlj^>dl CjL>-jj jiic. ^J_<i_ju ^^idl d3_J I Cjl^tlLLo < is~i \ ^b oL£1^3JU 

4_doj-*_U dJ 1 j ^1 t^jjl j) <d^ >d t4_jJl_*JI 

^ 1 o^* } cl -L° 4 I 9- Lu 1 Qj I J I -V 1 ^ 1 1 Ij J I (J « I ^_*J 

• cjISjjJLIjoLuSUI 


4 _ 4 _>.LvJJI ljLlSIjJIXI < 

4_^_oalj_i cuJI jl ^J,l Glasses 4_^L>*jJ! ^1 ^JLl 4 _j 1 333 

CjLuj 4 *_ojj-<3 3j^L ju£> Cj 1 3 4 3 4^>b jl j « i L y=>\ jd»dl 


J I J_C 4_b Lid^ I i ^yC- C_J I J-S-I I 4_l3J I 4 ? Juk Cj Ll^ 1^3-C <-_3J LIuj . (J I c. 

.C_bLdVl jl 43>Ldl JlJ Ljjl^Vl ^LstjVl 4 jj_i13 CjI XJ_l_>. Jibe t 4 -jJLu^ 

^ ^J 7 di tiulll I JlIc. 4_33 UJ I L^Loj 1 4 ? <3 ^ ^3-d I I -LA Cj L^ I j 3_<3 j-j-duj I J A 


4Strength at High Service Temperatures 4_dL*J! 3 j>! I \j >J! 

CjLj^SLd 4 C. 1 J_^t3 ^L?c_Lll l^J J 1—4 
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.Heat Resistance Parts for Engines 3jl j =JU 3 ojLafl 

<lL-a LgJ ( _ ;r 3 1 

(oLstll Exhaust Chambers ^L*JI <_a j-c. Jlo 4cr li»|jJI 

. Exhaust-Collector Rings 


4-j^ \ £i)\ CjLcSIjJIXI • 


L_t2^ « La I ljj Ij Lc. ill c__J I j_3i I ^JjjI Cj IjJLii 1 c_J I Jlju 

JiitlL-ul yA C-dLdJl 3jl_a i_uij jJLUl jLurvl 

c 3jlG Ilij . l_^_La 3 9^>^_U l^->d 1_^ 4 jj_iI_l 11 4_£l jGJJ 

Oxidizing Environments 3 ju^j_a $. I ^>.1^1 4 _Ljj ^ I Ji^GL-u^U Cj l_i£l^j_a 

I Jl^J c-.<-<-ujVI (Jl^ 3 ^-<-uj?e-Ll! 1 JJLa c_<JI ^ t4_jJL*JI 3 j!j^>J! cjL>-jj JlIc. 

^jL3l! JJLd! Ijl^J y j j L u^-t£Ll 1^ cjEilII ^Jl ciJJ3^ iy&y *J1 

^^_u_u_LcUI j ^_u_ajJV! (JlLa 4 4_3 _uL>JI 4jjJLaJI ^_t-ssl_L»JI ♦ jl ^ i^U 


JlLd i La^-a }LaLc. L^-t-0 (jjjJI OJ^i (jy3JI CjLcL 
. 4_U 1 l^j£j] I Cj L6j\ I J I 


£i]l Laj_a^_a LiELa j >o 

jl^jLLaJlj Cj 1 j 1— L<-U-I 1 4_c.l_u-^ 


4_t i_aj l_4_jJI i_sLiJaj 4 jJ_)l£ -d ji. c-J I yA 4jJJLiJ1 CjI £1j3_t1 c_3i G jj 

. 4-t^-Ua lj_U_u J I J_a J i 3jJ>. dl IjJE JM-^5 1_L*J 4_a-C- Jl> 3 J I ^<5 4 El J mil 4_t_a^ 


lj Ij-a-LJ I Cj LcS Ij3_4 • 

Polyesters j3 ca_J^J! 3j>La ^ o L£l jitl ^ £j_dl Iju* l_JI^ 03 ^ 

4 J &9 U^!jdG_<J I cdidj * Vinyl Esters j^-u— j_uj Jj 

* «. * ^ 

t_4_uLj! jl 4 jjjLlII 4_u^_jj£LII e_JI J-3JI Ju E 3jiLc.j . 1 <; ^ 3 K~ 

i Jt 

jLp^l Ly-u-uj . (j-Ut-U jl ^jt-u-EJI (Jl <^>1 t^>ll c-ljjUsI t 4 _j^jLlI 1 

4-ojL 3^3 (j-o 4 _j J-uCtJ Lc ^ II 4_^_C I jJI 4jjjLlI1 jl jJ.1 {yA ^1 J-iVI ^ j A 

LJ <_u j3Jj (jJ (^JLlILjj 4 3j3E L^j! (jPLc. 3j^l_c. i3j^Lt-^j 4_JLi 

4jjjI_LII UluW Ij t_^l jj^/l J-uduj . (jjjJI 4_0-E (j-4 L_J1 J.3J1 t? j A (_^d1 

L^IL^jIJLq ^L3jj1j L^jLlLsj i 4 _j jEjJLi ^3 Gil ^Juu y 

.4^j_*J! 3jlj->. 4^j^ jilc. idiLuIxIl j cjLjiGilj 
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4 ( JljlLl! £) 4 £j-<J! Ijuk Cj l_i£^ I^ILc < i_ Li 

4L_UjJlJI ujLkfl 4 j <^r. Ij L yuZl\ l_jj1 t*~i a ^JlLc i 4_ll 1> LjjJ I CjljjVl £_ j I .uaj 

jl j_a Juu oL^lj^ll 0 jJb La^ . ijJLa-t-uVl Jl-u-^o u^4 cdJ 

. dll juLkJ! j Cj I j i-Lt-uJ 1 ^j-c aj a J iifclu-uJ 3jic!j 


2u$jLJ! dJMoiVl < 
_jjLJ 4£Lii_<a_> 1 <a_4 ^y lr. 


JS^-LaJI (jLa t g. Lcu-t-u 1 >Ls CjVL*_U Jf* ^^^a 3jolj Cj Lo_lj_L^j j i3u\jy& CjLLusj 

L^JL£! til L-oj-u^jj tc_t-uljVi liIIj ^JI^LdT Grown 4_i^_u ys 4_aju&i i_ull 


JSLjJ I j ^js~\ *) <_J y>- \ $ ) c_illc j 4^ LJoTla 1_L>^j_>. 4_j iui ^lj I 4 4_j_L^t_LL I 

(_y->- 4 t « 4 j < 2 j 4JI i_u_4 Juu t4_<uL^j 4 <aj 3"< i_u_4 1 $1*_>J 4 (« I » O — 7 

4 jl l~i aV I 4 j^jLj L-x-ui-jj ^yJI 4-tC.l < CjI 3j 1 lo" 1 1 £-ll^o j . 4 Li -rr Ui oJJb 


JuLcl ; /^|IL 4 4? \ tl L 1 CjVI 3t_U 1 ^ rtjLi^j J^i ^j-o 


4 Jj^_Ls 


(jju} 1 4 1 1 I I (jy-Lc. 4 _j La 4 1 <^ij I . 4 4 J 3~ 1 1 4 jj V 1 

u-t-ulj Vl 4 _l^Jj (j-a 4^_Il_*JI j ( j- 4 ^_o£^ L^j ^ j 4?j 

(jla 4 4 1 * .-Vi < a 4 Jj^ 1 s ^ ts~\ c. 4 u_j_a ^^ylc. Straighten L&a^aj 4 j^jI_l!I 

!^]\ 4j^_42 Jj clla J^a 4 l^_j_i^ 1 j < 7T) LjJlukj C.JI j Lo 4 1 /^i » L I 4>J-A 


. 4_l£. 1 ts~\ a j ^aj 

4-o-l£~ ^lc. ^ j lut-j 4_*J ^ I ^_^oj j « La (j 1 j £. Lo-L>J I «__a^ Hju a 4 ^LI 

<uKJI V ^i! ^jUil ^Iaj 4^al jJI ^ a S((^J_j_5tli i_ 4 j_a» 

^ JutH i_uj ja . J cu_lI I {^yz O j-i ill I 4 111 I lIHu 4 ts^> L>J I 4JlU I (jr-“-±A 1 _^a ^ a 

4-Lue-iJ I ^4^11 Ixsc-uj t(Hard) «l J iu CjI 4? j-oj jjUK 

4 ^ 1 1 juii j LLs I ♦ ?■ Lo_L<J lj ^yCo- LJ I j 1c. 4 jj LSLUj V I cj La LL^J I 

(JaVl ^1^- ~ l-ujLjI 1 ijLi^j ^\j la I ^c. 4_i1sLju ^\ 5j£La cJl>o 

cli^i <_uVl 44_ujjltSLlVI juljjJl 4x. L-L /^o ^a — 4 _LaIjJI 4l>^jJ,l ^a 

Jls; il 4 lu 4 Nanowires 4 j^.LJ! 

JSLjJI j 4 l1iIj1u3 jjLlII ^yz CjLj_43 3Jl C. jJ-ual] L 4 ] I jlal 4_uj_uj 1 4 ^ J 1" <-u-c 

.c-t-ullVl lIUj £yz 4t<(L_j» 7 — 8 
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£dUt 



Cj Lt-ut) V I LI I i_j ^S^uj^jSuX I 4 Vi < i) I 33 i^->- La j j <-*» : ( 7 — 8 ) ^SLfaaJ t 

2LjjL».Y 4j^jlj u_<_4_jD| (I) r^j-a 4 j£jLj l_jLLSLI I llL4> t_3JJ_a Cjj_uh_ 

(32) l /*tl j, i/i *> C, ^j-a 4, 3 l >i a 1 4-c.<-u jj 4_J ^jL) d^L<a/! 


9 < it) 1—4 • 

3jLlc L^jI jJj_3_l3 i 4j^j1_L1! i. 1^ (nid L_3jj_ftj l_ LlSL^-» *4 j 1 Ju 

4_a3lj3 Vl£! tiul Jiitlu i ^LauVl 4 jj_>Lj jl lo °3 Cj! 3 l I J >. 4_*_l3j clJ^i i_ul J_^-C 

12i3j i3 JlJ JlC j jl a ^>_a 1 ^ 3 j1-tej (jl^LaL) ^}L_uVl Lillj . 4 ajfl~ « « aj 

j> 

jJi3 t 1 jJ . 4_>» j." 3 1 \ CjLal _k?t3 l_$_JI <_J J)1UU ^slj2eJJ 

3^j>JI CjIjIAJI J-L&ilc. ^j_a 4 » < <<o a 4_jjJ-3 i_u I t4j^ji_(J! ciJ^i_<_uVl &J-& 

. L^L i_uj iPt ^u^LjJI jl i Au tCu iNi jJJJ 

jl Si Q^-lL> i_uJI (JlLa oL col J>lj_a j-t-oLc ^j_a L^_3 _Jl2c3 1 1 jus jI 

l£!Uj £-Lul ^jl^Lal iiJU2 />ijj .431" TeJ. 1 L$jl_i£j_a ^j-a j! *Gcl 

Ju^i ^13 ^Jj_a i J_j ^uL£>U 4-u gK 1 1 Cj l7_a_>i_l I jl^a ^j_a aJX_^Vl 

. La-^^-icj iZnO Juu^i 4Si0 2 2)^2 lLl<-uJ I 

lj! tf j j-LalLli • 

_}l j_a^ 4 j^_> 1_L!I ciJ^i i_ uVl (j_a *>>4 I 4 _uj^H£LIV I CjI cl LuaJl Jl_>o £> I 

4_ujjIiSLI , ^ 1 j, jljjJlj CjIj^U i_u 1^2-1 1 ^j_a JljJlj>J1 (J j_>JI ^_u^J 3 J j jjQ 

^j_a uuJ-jI j^JI JSLl^ c_3Jjj 1 j & 3 7r~l^ . j.* / II 4 -laLlIXI 
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^yC. Lai i4jJ_lLJI l_ll^L<_uVl dJJj ^yjC 4-^ir is~> 4_C C_<_JJ^J 
^ i‘s> tyA LS t j> 3-1^3-) 1 3_}La 3 JlC.Lj 3 ^ lo < <i ^lc. 4-U-uIj 3jj) i«o 1 1 ^ 3jl» ^ 
4-U-A tjr lc. — 4-uLua-i^Jl — 1 ^ m < < ijlu j\ <«(«!» 8 — 8) JSLjJL 

. (<( t_J )) 8 — 8 (J^Ltlai I ) dj 1 3 iL> 



^3 L»JJ ¥ I £z-uj IX I i_j i^SLtu jiySLtX I 4,t^i < i) I l^_) 5 3 i^_>- 1_4 >^> : ^ 8 — 8 ) t 

i_j^Xu^^X I pit. )7i V ^ l^_4 ^y, i o 4 3 1 >i a n T I 4 i l— t_i_4 uj 1j y < , ,,j‘\ |^_] £y a 

L^-C.-V 1^3 1 . 1 n > GaN , t TUlI I -Lj^ILo 5 4 LX ^ 1 ' •■ tj 4 _j^ 3L3 ‘^N ' “* (I) : 4JLt_& 

(^4) Jj^p I j^3 <,i j.3 t SjuQ (j-o 4_3JJ_* c!)LLlL> (l-,) cr*"b <_y3 


: ^ La j £ Ju 4 4 j^jLl 1I ciJ^L_u^li <lJL21cJLIj 4_l&IjJI Cj L a 1 Jl itHm V I (j-4J 

3j jJu-^aJ! CjI >JLlXI £_ j < x^aj ^ 3 <La i_ui, I <_u^_jljjJ! I 

.4_3_^jJ! 4 _Ljj^S LI VI 3j^.Vlj ijs Microprocessors 

4_i-£dL>J I 4j^3_<ajj L lI I j 4 jjJLd j j^LX ! 4_xSLp l£LJ, 1 j clLLj^JI ^ kaJjl H 

(J_«LuJI 4 Nanorobots 4 j^jIjJI oj 

^ i -ll>. L$JL>ol £y£. diijj i^-pLLaj i_uJ! £-*a ^ 

. 4_jj-c jJ I 4 jjjJ J-}-£- ‘-pLuaJ.I (jLcujVI 

ji 

L—.i—1—u I jj>JI La-^a IjjJ 4 jjjLJI ciJ^L_uVI t J. 3" » U ^yc I 

.Quantum Computers ^_uaj-*£J! 

. 4 j lo I 4 -l<-u-4-LuJ I L^L>JI 4x. 1 _Ll^ I 

.Nanosensors 4 j^jL]I oLa^JLlj oL^L^JI ■ 
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Jl 

^ I3JLL 4 _uoL>J I 4 _u V I (Jj juljJ 4 -C.LLlo I 

^Lcu^^U Deoxyribonucleic Acid DNA^jjiil L> ^^>J\ 

. 4J 4_uljjJI CjLu-^JI JujLj>dj 


L^jI_4! jl> 


(jr L. i — cii-u 3 I cj! JljlX! J_u 


ulj 4 _j 3J LJ I 4)3.4 • 

Cu ^yC. ^_?e_u La 3 jLc 
^1 ^jju La 4 T jL_c-^aJ I 3! 3-C. 4_4U>-L Ci^>LLj 3)3 £33 — h 

4 _t-^L>JI CjLUulJI 3L tljJ . J-lLJuTJ 1 3.4 5 ^H£ Juu 4 _u^U,I 3I 3 Jl*J,I jL^jI 

4-tC.l < ts\ 11 CjI 3 j t lo"< II y 3 4_« i_uJ, I C1I3JVI3 CjI JulII <_ul 4 j lo »"n 

** * -* 

La UTi& I 3-1 LJ I 1 j ~v 3J jJ^J L4L3 i ^^yllJ I 4 j I 3 ~ 1 1 ^ 1 i_uJs I 3.4 Juu 1 4 3 -Lut-l I 

s 

jl 3 d! ^ Io < <iT 4_4ji^tu i_uJ,l 4 j3_iLJ! 4_j tLcVl i_3Jl^j3 * ^ 3 -^ 3 ^ 

4_J JuiL Ll 1 ^3jl»1 (J^L>. 3.4 HJ J 3 i_u^l HJj 3-0 1 3 JV £j\ 0003 3 J 3 UU 

Cj IjJLJ ! JuU-uLi 3! CjljuU^ yjA (J3^J La 3 jl_C. — 4 j 3 _iL CjLl-LU*. yjA 4 _ 3 J 3-4 
-ljj yhyJll 33 J 3 V 3_>U i 4 _jJL. 4 -^ 3 L_«3 4 _ 3 jL 3 J^Li^JU £_ J_ 4 UJ — 

.jroii jfjL^^u ju^hn 

i(_gyj>-l 4 u 3 uLJI cjLLfcjJI 3 4 j L c. V I cJLIj£ <_uJ3 

3_uu^Llsl cjVI LXLC.3 cjU-MLL 4 -lLv I jJ I _l^J 1 «_ui 4 j L aj JLc 

£jl jL 5 t 4 II 3 L 3-4 4u3_jL CjLu-u*. y^A 4 _ 3 J 3.4a 4 3 iL> ^ 33 **- 

CjLL&jJI £juk J 3^ 3 £-L< 3 -> Cujn. t C j I3IL4 3 - 3 L 5 j 2 Laj l L> 4 i jl *_d 

HJj I j i^c,j -u^-lII ^^I^JlJI yyA 1 cj Ll-i_u>J I 4 33-jL 4 j < 3 II 

. 4-U3 1 1 Cj Ij J V Ij 


(^jjLJI g.^1 L II 4 3 iL> 


_MUT 1 ^3 4-4 1 \ •>■ "> ,„t) 33 Tl 4 

i ijr £ 4 _ 4 ju ^3 i_uJ,l 33 -LJI l _3 llbtj 


4 » j 1 103 1 ^jlc. ^ 3 'nJ I jl jX\ 4 3 do II cJ- 4 -«-uJ 13^3 1 43-daJu jl jJsl i_uJ! 

j> 

c__t_u i-ujuJI cjL133 < 3 L 3 J La 3 jL .3 .^_L i_uJ I 3 JL 3 $.^LLJ! 3jL 4 i yA ^ 

3 C 3 J Ca> ^LJI Cj L-ljl.>J I ^^o^L-u^j < <i II ^Iij CjLj_L3j 3 1 t4_uL_4_j^LJI 

cJ (-uL^uJL 4 j3_iLII cjL_j_i_>JI ^j-c Cj! 3 iL ^J-c. 3 ^ >JI 33 -LLI <?jui 
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oJlC.j CjLLs (j-u .j^LLiJI 4 3 i lo dLa <_u . 1 ^"< 4 lit£~ ^LajjLj 

4_L_uJ 1 (J_a I jjl! I j l* tiuIiJI CjLL^jvVI £-j-<J Ll3j i Cj I^IL^ jj L<J I £jja 

^ j> 

. ^^J-JJLcuIt] I Jl 1c. 4JVI J 1 SJulXI ^ Lt < if L^J ^y2>jJuO (_ ;r lI1 


jlji.1 ijJJj j_& Catalysts cj|j«3^«J,L j)L^ ^jLSJ! ^Jju L*^ 

s 

dU jj 4 L^jVjL*_4 4_uL_4_£LJI di jLcl ^11 j_U2_>OJ j_jj_JLJ L_£ Jl^J C 3 lo JJ ( ^ y IL! I 

* * * s- 

. 4-uLu^-t^Jl 1 n Cj Ij-ujlj 1 CjJijfcj jl dlj_3j>J,l <jJJj J. a Tt , n~ (j j (jjj (j _4 

I ^tJ — ^ J i ^*4* I jjj jjLfil Lo.>i>^3 (jl 0 » uLd l (j-*J 

.Nanocatalysts 4 jj 3 LJI cjIj^J.1 ^ l^L oli 3 ^ 3 jaj^>. 

J? 

La_s .4_uLui_jSL!l CjLlUjlH j)_4 ( _ T ^ ^LLaJJI ( j r Lc i_uJ (^oJ! 

.Oil Refining Ja 3 <11 ojj j-sj^3 cjLlL^ju 4 _u 3 L>JI cj^LcLoHJI liIIj 1 ^j 4 

4jJ_) III I dl lj_3_>i_t I ^y=> I JJ>- • 

Jl 

dj lj_3_>d I ( jr ic. L$j (ji j_3lu t 4 -lco-uj I j->- SjLfcj 4 jjj LlI I d» lj_42_>d I ^u-ulu 

: La 4 4 1 (_^o I I diJj (j^_s (j_ 45 j 4 4j J j 1 33 1 1 

dlj jJ! (_^aj-o^Lj (J 3*\j La 4 4_Jl_c. <_ul 4 j>- 1 i_u_<u 1 ^ ju. 4 ^ I 

(_ T b 4-L^I jJI .fijJ.1 cjLjj^j Cjljli £-a L^jL_j_l>. Mil 

4 cj I j_3_>JL I dLL 1 ^ 1" ^ 4 _u^2> L>J I ojjt jljuj .Reactants (J^L^uil 

.4_uL_^_j^ Cj^Lc.I_42j ^i CjVjl jl>3 1 ^jlr. Jl^Uju (jyltil I 4-u-^L>J I 

j 

4-lLv I jJ I LjcUJ I 4 Liu I (_^-u_u l_2_xa I jjLlII Lj>. jJ ^ -uj I 

LIbj 4 4-lc. UlU Ijl! Laj_lc j-^- 5 dilj_4aj>J,l (J^L-a dsLjj^iJ 

.d)Ljj_>iJI tiJJj jLLa-Sl J^Lui ^.u-uia 
.Adsorption 4 JL 1 3 jjl 4 _uL_^JI cjlj^J.1 diWi ■ 


dULuidlil • 

1 ^ ?\ 1 j 4 4_Lj_*_43 CjVI st-o 4 jjjL<JI Cj I j 42_>d I dil 3j daj j n V 

: 1 ^ 'jl u (j-c (jylfil 4 4 3 l"rrr U CjI 3j i LallJl (j-o 4jjjio 4_^l^ 
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. Cujj I 

. 4_u Ll^^jjZuJ I Cj Lc. Lu^aJ I I 
. L$jLi£j-cj 4 a h "Tr 11 4_uLj_c-j^JI -Slj-U ^Lul M 

♦ 4 j S n I 

C-i Lj jJJ, 1 £) « 1 a ^ < <o j 1 4 _i£ ^ j><J 1 <? 1 jX 4 j^IlJ 1 4 >J L*_« ■ 

. 4_pw ^_ oj^.SLl 1 I ^ 4_o Lu^.i£Ll 1 

. L^U 2 nj c_jj_t!uJI <? Lj_c 4j>JL*_4 I 

s 

. ^/^JljJi- 14 ]! jUJ 4_jjJfcJJ .iljJJ ^Lul B 
.4_uljjJI CjLcll^ajl I 
.4 jJlC^/I I 

4_rt Jiitlu-uJ, I Pdf 4 ^jU^LjJI d -^ 3 4JL_uJI Cj I 3 JL 2 JI CjLlj-uv c j lo j3 M 
4_>ijI_LII fj!j_*J! tiJJji^j i cj !j Lu-uJ I CjIjLjljj! ^ If. 3j.Uj « nil 

. 2"a \ Ut l CjV Ofe_<a ^yA 


i 4j£ l4£" CjIjLj <_oJI Cjl£j-2t_c J 3^3 (jr^l CjLbL-IoI-^ i_uj I 

. JjjSjl! 4^^ ^"l < «ii CjVJlJL> 3 (Jjltflj 
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4 A 4-JbJI uLa i iLalit 

♦♦ ^ -V ♦♦ ^ M 4 

jjQll 


white 


9 


wdall 


(J I n il 

(j_ulj 4_pe_uaJI 4 jLc^jJIj (_-<-LaJI 

Ljjv-jJ 3-^3 CjI 3 j i LaJ ^ CjI cL^IL&I 4_$3Ljs 

^ jJjtJ I Cjj^t i_u ^ jJ I j l j j IjJ I 

Cj 1 j 1 33 11 £_ C-< 4_j i_uL_u VI 

I 3 JiL* i_uj 4-^t-^ 4lu Jl_>J I 

C-<_jI^ 3 J J JlJ>- 31 Si jjsc_s I i-5 CjjI i_uj 

. 3juJlc. ^JI^Ls 4 jj tfu_JI L$j ^JL>o 

JlC. L jJ>» ji J-tSjt-ll 0 j A C-<-jL^ JuS J 

Laj>> jJ jJSJLlI 3 jj j ^^l^33J jJl2J I 

o-3jLju ^1 Biotechnology 4 __^oj>JI 

L?c^j \suc \ }^£Ll! j_)L<JI I j-i^3 

CjL) 4 i_ul jS ^^l ^-c>j-i Lc Jl33_4 LlL^_3 

<-dJ3j 4 4_3_j_S_} 4_<_ulj_S ^j3l£LJI LjVh>*- 

.3ju*.!jJI 4_tl3tU ^^3 <-uJU ^ lc. 


j 1 1 # 1 1 1 . t-< 1 ** ' 1 1 i < I**. L-» f | » 

‘ — 3 I -A.^"u-u I J^>Vl ^a 

jJ-aLsuJIj 4 _uIIoj uJI f*ljj^l 

<j-a Lfcj-tC. 1 _AJl>-j 1 41 a 

«. . . 4_)Lu^i,l L)>UkJI 
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^ i (i L j I i jJ j-^rJ I L3J I cJiJ IrtHl I I jla ^LL^3 i_u I jus j 

4_JI ^j^cj o\ «< Bionanotechnology j_J>Ll!1 

^Ljj_UlJI d)VL^_4 ^£ £j\ is~i J ^ V" 1 I £j\ I^LJI ^UTul>l yyA 

^ Jl a <J-U 3 $ 4 ^ I L*J I y^£ 4-lu^-J I i^yuj I J 1 1 t 1" ^_<a ^yA $. 1 - u ^-tSU I j 

J I I 4_Sl3 I 4 <jJ till 4_<C3 . (j^_3J I I J-A yyA <J J V I J_3_*J 1 d) I ^J. i_4J 

J)1 Laj — 4 _j^_j_>J I j_)ljJl Ljjv jJ d)l 3 j i LaJ ^ £ 4_aJj^j c_u_I» I 4 jj_)Ll!I 


jl *3 4 Bio-nanomaterials 4 _j^LlII 4 __^_ij>J 1 jIjII ^ L$_ik. 

4_j ^laI u Lc <jJJ3j 4 4-ua-L»J ' cjL^_jVI ^£ IjLajjI j I j 4 -j 

4jl»3t I cjLoI jL^Ii i_uV! ^yA ju jl*J! ^£1 jJJ L^hLaI 3 ju^js ( j^> I ^>. 

Julj3 4 3j_jj>- V 1 ^u_qj>J I d) I ^_L_uJ I (_£JlA . (jl I 4^r \ 4 3 1 *" l 1 

(^jdl j 4 4-3-C. 1 i^i a 3jj i^n jlj U dUbj ^1 <C<_aV1 

cj L i-t.u>» J-lL^ ^_j o 4 La^.j iJo ~>o 3 >i .i£' cj 1 >. L>o J)j3 >o 

Lc_ 4 4^IL<3^_iLj 2 La j 1 lo 4 T jL*_) I j.u.uLLa ^ J 3tlj V l_^_Lc 3j_j_»_^ 

4_La tfuJJI 4_1L*_3J1 4 j^_j_>J I jl ^_U 4_^_3 ( _ jr lc. L^juj3j 1 ^"jlr.Lb 3jLj ^ I *j 

.Bioactive Materials 

10 (jGj V ^J— Lj^-G*- jLui ^)_u_JjL3_4 £ ^JjLJ 1 «l£j 

j-^SLj 1_A_}LjuT 1 /^>"3 3^JLjlLc (j - “ ^ L3 j L^l VI 4 O j^£Lua 

I $.^£ys>- 4CjI^Iu3^jG 4 * i's~\ \ ^}\ ^ILo^^LlJLI ^^J-lj±A £yC. 

CjLlL^jlJI ^LLaj (j) .oI^LcjjLj <LullaJ>- 3^c_j ^y]\ 4_qj^v. 

£yA (_4J A ^lC. J_3j 4>>r. j 1 4 JJ>* jJ ^-L-u! I 

4_uL3HjI j ! ^a juu L^_3 _jI3cj i _ ;r lJ I 4 jjjLlII ^1 ^1,1 i3 jo. I I 4 jJL>J I 

4_jI3cJLI 4_j ^SLt I 3^.J « i.o 1 1 4 _jj>- jJ ^_uJ I Cj I (jJJj £-A ^c. Lali] 4_i (_u 1 _Lq 

. cj LlGj^_J I j 4 jjijJJI ^1dL<^v.VI <J ii_4 

cj 1 3j i L jj>- jJ 3-i^3 ^ ^ Lc. ji ^ j jj-ij ^ 1 <tl 

4_j^_j_>tJ 1 Cj L l L^jlJ 1 ^ c 33 LLs^J 1 4_t_3 1^-4-J 4 <-iD L>J I 4_j^_j_>tJ 1 I 

d) I Ju-£^j 4 L^J L^-t-U ^ _4liJj 3 Jl^IjJI 4_jj>J I 4_j1_>J 1 J 

ci) j ji^. ji 4 u l jyj jj . juu \ ^"i A is~>\ ^j-c. 4_<^llii j l^£jJ t—u yy\c. 4-j j i to n 

jl ^-^-U 4j?tJ>-ljJ! d)l 3j i LallJI ^jl £ 1 jJ t L^jL^I i_u_3_)l ^£ i^lJla L>- 
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jljyUt mUI 


L;r lc. tllllj £>L*JI 4_rtjlitl< x_uJ*l 4 jjjL(JI 

^ujl3iJ 4_tL>J I ^-1] J j) ‘s~> jJI ^ I Jj!jl>d 

jl^Jll 4 (_uljJu 4 _j^_jj>»JI jjLlII Lj_>. ^- t^-3 dJJ ^-Zlsu ^ i I Jlj5> . ^^L*JI 

J> 

L^jLj^SLa lA^- ‘ 3^-*lU 4 3 J) 4_t_uljJ 4 _j_>J 1 Lj^LtcJJ 4_j^SLU 4_o L u^ - i^L! 1 

^ j. 3" 1 1 V 4_j ] LlLv. Ill . Lj-La-*-^ J / li ->o 3j j 3J I j 

4jj ii_J! 1 3 3 5j_lLaJI ^jl^J Li j jllll ^ Lc. 

3jsl U I dJ_3 ^Jlo £. Lj_>~Vl ^JLc. jziIj 3Jl 3_*_« djVl 

1 Jw) 3r.j I Ji j) 3 r. 1^_*J L<^jjj j. ^ fcn (jl t4_i_(_L j> Jl 

•tlvO-N <j-a 


t 4 j^_jj>J I ^ L- t _<a— i SU I ?—£> 4_jj_jj>J I ^_j III I Lj_>- jlSl Jlw ^ Jdj 

jj) lo3 I «iLpwVl t dj LLj>d 1^ 41 jIj^JI 

4 4-lsz-uzi] I J^LiI 1 ^ ^l> ^ ^ Cj-^~ ^^-‘JLl < HuSLI \^ till I J^^-Ls 

I Juk . 4 3 j 4 Js 4 jS^juc ^j^sjJs I (jA\ 4-jjJ^*^ ^Li <- 4 jVl 4 _£j_*_^ 

^.I^jJI 4-g. lli-gD l_j_>-^J^_t^j 3j-L.t£' 3j. 3 lo 3 ~>o (JL>dl 4 » j i lo ^ 

Lj^Ll ^Jj £. 1^ jJI dj 1 j \ <; c. 3 4_JLjl3^ 3 Juj- 3 J5>^Jo J L^ Is ! ^ 

411 Jl^. dj 1 J < 33 ^_jJlHj _sIj»3jVI j 4^j 1 i_u_j V 1 ^ i_u_>. L>Ll 4 _Lj_*_^ 

Jjlju ^y_i T £y <a 4 Ij* />> j-4a (jLLaj <_uJ I J. ^ 3 1 

J) <a r. I 4 _j^_ij>J I ^_j III I Ljj>- jJ ^_tSU (j ^ ‘ 4 i .1 3 3 C *4 I ^ 

/1> 4 3 \ >"< I, I cij Ij, L£jl_s V I 3j-Ht_u-Q cUs L>. l_>o ( ^_j_3j>o ^3 V I 

t ^ lo 4_t-^Ll 4 i jLt_ 4 j_sVI ^-t-u-'v- 4 j?t_t_ 4 ij VI 4_c.ljij 4 ljj H 

. Llt-u V 1^ 4liJ I 4 j>^ 


S jlLJt c-daJ 4^31, 1 La 

(j! ^ 4jj-»_i^> Nanomedicine j 3Liit c_Jo 

4 4_t3l^ jJl^ 4 j i lo t ! dj Ur \ ]r\ is~i I, I 4_1jH A (J l^t-J 

4 4,~t ^ 1. 1 4_d,l_*J I CjI jJ 4 j 1 lo ! I dj I j dijpJ -^-^J 1 

l 3 j^_ 3LJ i I La 13]^. 4 j is~i\ I 4_J Lc.^>J 4 j 1 lo ! I j 1 3 *] Lj 

Jl 

dj 1 J 1 33 />-a 4_C. 4 j I_j 4_b^_»_) ( 0 j i_ul 4 ^..llo is~i 1> I I Jl^J I 
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La ^J£ tiulll ^_3 III I Lir>» j_t£3 4 1 L> -a d*. j>o £_3j 4ibji^ 4 j i lo 


/*)! <_ojVI 4^r i^> 


l£- 


^^yj] 4_j_al^Jl 4 A \~ 1 1 4 j t lo t 1 da^M 3tJ,Lj 


L^-ojLc. ^ lc- Ljj^ jJj_t£l<J I dLL daJL>-I Jdj .41—3^1 i_u ^ If. <_Lb Lu>J 1^ 

4_L& Ji_a 4 _j_L3j d Lc. 1^ d L£ Hj I ^_a Jl 33 I I Jd 4 j I Jlj Ida 

£> ^>^-21 <— 3 ll£J I j ,*1 jjJl j c_-«_LaJI d^l 3d 

s> 

4 L> < a I ^_a 4-jd'iJ-l I 4 a > t-~> t 1 J I jl I d \— afc— 4 _l 1£J I 4-t-<-uJj I ^ b/^b 

4^U,I IS 3^t_j d<-*_L ,2007 ^ 1 *JI ^_j1jJI 1 

^LjJLa 146.4) 4 _j^_i LJ I 3j. ^ 1 ^-a-ll 4 _iKJ! dL*_j_JJ ^JLa^>»] y-A> 

yA I {C, C £J <2 I ! Jji 4 3 3 -*L-> 1 4 ^^ylc. J 

. JLC. (J i 33 < ( i a j 4 \ is~> I ^3_a d L*. L>o 

3Ju! j dl j) L 3 ~a-~M j-jLJI l_<_Ls ^ ,4U11I! 4 j3 iVl j Laj 

^_j_A>LLl ^J_aL£ dJlLq-a , 4J_aL — j 4 j i !o 3 j^j ^Jl ^ ^_jJ I ^jJL*JI Js^_3j 

J> 

yc. j^-lX I t 3 t V A~l I d 1 j 1 33 ^jj) Io3j 4 _j JljJ_ 33J I ^^L*J I 
d! yj . — <_uJl J}LL 4j I , Lai) y£Ly> (jL> ^j-aj » 

Cj^_3c_s ^ ^ 3" 1 ^ Jl3IlU 4^e_jHj j ,4^U! Cj^i Hll 

Lea 3 ^-lLq da Ij. 3 !o Ct 3 4 I ^_a L l! 1 1 

4_jJ_a (^J-LLs-o j ' ily^ j c 3 J I 3j. 1 4_« d33_4 ^1 J) a I 

. ! ^-<_u d>* ^ 1 c. da L_u j^_uaJ 1^ < <i a^L! D^N A. ^j^^-L! I ^y^-A L>iJ I < 

da 1 ljj jy J ^ ! 1^ ! t-^-! i-u 'XjZyX-A ^yj j L>J I 4 »J lU a I JlA 


J_jj>J ! j I 4^j-*_« j ^ < 1 1 ->J I (J_L I _i 3 Ta j 1 4 1 £Lj_^ j 

»1 <>>r. I ^^y^ 4 _jj>JI 1 j>UsJI dalujj^j daLj^SLa 4_<a-^. i I 1 l^j ( _ ;r ll I 

^LLa! {J7 ^ BjuljLli! j-4-Lll daVjuL^a (1 — 9) — ^aJI ^uu^yjj 

JljIj^J! 4iii_«a-4 j_jLLI! Lj_>- y d 1 j / 3"i a 4 » I <^1.1 ^_l^I_ 3_»J! j 4 j^^V! 

J> 

jJ_l3 y-A 3^£L_>Js I dal — ^ T l-UI lIL L J CjU J_ a ^_L« ^yB y~^X — -21 

l_A^Jd 4 ^3^11 daj_3t_Jl a^ 4 _jJU_3lJI $:l^jJl dal £^_— j 

C 3 i ^>"l ( A i^\ 2000 ^L*J1 yjQ Oj 3_3J! J!>l_L 5^.1j_a 400 yA yJyAJ 1 4 

. (1) 2008 f UJI 
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108 



Vl ljUI^ »t jj£ i. int I \ n Tl : ( 1 — 9) JiL-jJI 


- 2000 3j_lUI ^ ^jLUl (ZjL-jHj 4 t->„ 4 * u^t,l 4_j_LLaJI 

LiSj ljLUJI l_LJ> 4U . .flj-a OA...J. ii.\~) ^JiL-jJI :j-L_ual,l) 2008 ^L-jlII i a „u^Vt a 

> 

( 1 (j_4 31 tf."u<iU 4-tjl LjLjLtjJLJ 


jAptoJl J M Ut I <t"» 

jj] y\ i_uj^LI ^_£u jjLlII 1 J* <-“ 

JJL 1_^_i_jjj 3 3 jLc.1 j 3 jUI cjIjIu e_A£.5HJ1 Cj-a cj! » m^i 

4-L^LLq ^£2 3 j j Jljv. cjLLuo La-^_»_4 j q to~ y\x i_ul_Ll1 ^^>2 

j> 

j-l£i i 3 4_aJi5s3 i_ui. I _}! ^-11 4_l£2afc» ^ ^slll JljSj ♦ 4-lL^oVI 3 jl II 

t jl ^-11 dAL 1 ^>*3 Cj 1j 3_}l_3 i^\ 1-^4 Lt-U->. ^l_^s_>- T j-Jl*-u2lJ^ 4 j ilo 

.4_aj> 21 g.1 is^C. VI L_J^L>. CjLj^Ibe-c J)j t Io" II j <J cLallLi l_^J ^_<a <-u L$-4 

(-LUj 1 ^"< i < ,m <1 ^pJI 4^111 j. \ c. 3Jlj^_jJI CjI a ts~\W (jl ^ lc. Jl_j^Lj 4_*i3 ^_u_ 2 j 

s 

JjI uu jj ^-M_*JI 3j-^ 3j_o£^ Cj I j. 3 lo ^1 CjJ) I Jl£ 4_3l3s.11 4 jj_iI_ 21 jl jJ.1 

j-xj^A 1 ^<u Jl3j ^ 3 j2 V 1 £_b I L^J (j . 4 j*a- 1 1 4 *_i 111 1j 4 j L c.jJ 1 

Jl "u, ^ 

4_j_L3lI1 CjIjJlUI yj-C . J c_< kll (3^ I-4 - 4 4jjI£2uV1 3j L>21 

Jl 

. £ I jJI ^^-2 1 l 3 <^1^ 13 ^_^-£2_jls_tl_t] 1 4-C jlsl^ul 1 
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£dUt 


c 3 jl^ jUj ^Juju O-p- 1 4 j i V\ 1 1 C-iVbeJ,! JLr^T ^L^J! <.. t ]n H J-JU 3 Ijui 

CjjJljw (jl <-ujV! 4j^_^ ^_jjjuJ (j\ ^LlLs^M CjIjL^_4 

i_sl J-oSJ^b 4 j i to 1' Cj L-ppt_<i] 1 4 _« Jl^cIL_uJ,I ^-pe-cuJ 

Biomarkers oLi ilSDI j-u^j JMJ- Cy* 6 ^ j— j-SLJll 

B J 3 _<^e _4 j-p. 4 j^_o^ Cj Ij-ub Cjj Jl>. s. Jljj l^jlb Jlju I 3 4 to U 3 J, 1 i _y^> I 3 X. ^ I 3 

. ^ps^JLLi 4 HjIj-^] ^J] LJLc ^-<-u_>J I 


(p-LaJI B.}Ljj J-L>I 3jLl 1I bp- jJ j-£Jl1 3^ J 3J 

" j> 

4_jJl_C 3 ^ 2 B^^pl 1 ^j4 a JiJtll (_uJ 4^ jJI 4_jJl_C 4 j 4,0 j V nil (Jlj-b l -bb_u <_ol 

i t, I j_lc ^ i.XjMaJL! bii Lp- 3 ] 3^3 c^bl jJb 3 . 4_j i_uL_u_>J I 

3 _j^p (^p-t-u-o j-JlaJI 4_i_<_gj 4 juLL« (JlLc t4 3j4jJI 4 j i toll (JojLrtBJI 3-4 3 . 0 * j 


^Bj ^jJI 3 -^ 4-Lul! BJl>-I 3 B 3 to 4 3 ^ 3.4 ^<uj (^JlJI ^JlJ! 33 ^Aiil 

^pej>- 4 _^cj>- ^JuJb V 3 -ut-uo jL^e_j 4 1 4 , 0 " a 4_u 3 ^H^LJ I 4^t_)j, JL Ipbl 3 < J 

j> 

^1 BJppV! oJJt Jl* j_j_Li^j 3 1 3 ^UI 3-43 * (JL3JJI <_3 — Blpl! 

i^jJJ 4J_«1^ 3 j3_i^> 4 3 U~ 1, 1 ^JjJLrtUll tiuUl IpjLal JiJtB ui\ 4_*_4j B^bj 


^3 


3JJI £-^l_*J! ^Ju4J 4 juIj_ 4 3 i 4 _j^ 4 _c 1 3-1L1 (J 33.Tu.a-iJ 3SLI I J13P-3 ( 

.^-MjlII 330^ l£JJ^ J — b->Lj 3 _<J tiJU J3 t Lfl 3-033 — 

3-0 l ^-I - i 3 Cr^ ^-^l-BJl ^u- 4 J>JI CjI 3 I (_uil I JJt L _^3 ljjJ 

4 j^j 3 — JL t* 1 (jlUj Bj- uu ^s BJ-^pI J^b>- 


jbl3 jl qj* 4-^3 jl ^ Jljuj V ^ jJI ojjluz ^Jl 13-bj t «Lab-on-a-Chip 

(J_jJj>ij B^^Ls jl^Bju 3 . (« I » 2 — 9) J<b:J ! ^_u 2 » 3 _« 3 _a 4 c_j 3 _<_uL>J I oj ^>. I 

J? 

3 _Bj>iJ 3 I (_ujVI 3-0 !Jl>- Bj-Ut-i^ 4 -LlC Jl>-I ^lc. I I Jl3> J>U- ^yA AjJI 

^3_4J 0_o- 4J3JL0 33 ^_uj l-uuIj^I 3-a 4 £LlcLj x^Ia 3 JjL^pJLi 0_JJ« 3I 

J> 

.^((<_j)) 2 — 9 ) JSLJLJIj (j^-p 3 3-A i^ill 3^^-^ H (J ^be-^-i 4 -LulI 1 L^Jj>-Ijlj 

t^£> 4_4jiJtB (_oA! 3L0-VI CjIjLLi 4x.l_u-^ CjLj_lBj ^£> Sk > 3 

1 ^j4 ^13 4 IVhcrofluids i^j^> 33^-Jsl ^^3X1 ^lc. diljuLLaJI 

3 13^ I ^Jl — ^3-11 4jUc. ^Bj cit-p. 4 B j t's~> 4jp^33£b_c Cj I 3 _l 9 ^Jl 3l_o-^l JJl 3_4_u 

1 ^xJaju L^j>*3_«3(JjI 3_4 _uJ 1 ^3^j>«IICjl3_JlieJ,l tjr ^3_o^^ Jl2j 

1^1 33 J 3-^3 3I— CjIj 1 _B_u 4 _uoL>JI 4 j 1BBJI 3_4 j uj^\ ^yu-OJ 
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£9JLJ1 ubll 


jl a II (Jjl^e.4 y) 4-LulII 4_o*jj ^2 ^S^cIZ* CjI hr x^A 

j_jI ^JJ ^2 £>1 .c_*_uLj^fl 

. i^T) J 4jj-<^->J, ' Cj lj-tliit-l.1 dJij < isft) J^laTJJ j-jj) lo~ 11 ^j-o 



(0 


^ >* a J.i a .' -|i ,jAt Jij->- 

<L>.j_d •‘ a ' l J'^ j-* ^ ll ftlaJLa JjjLj^a 

41uj|4isj«- JjJ^^J.^il ^ '. . . ^ l; ,,t |^,>. jT^ 



>a j, J j 

M 


j-cL>J.li) jl^j>J 0 3 j . 3 -v 3jj^> Oy±* (•) cr^ :(2 — 9) J^JJI 

.(2 2006 j»LjlJ! ^2 <5jL3Lb*lj 4 jvUuI ^3 

(ujUSLJ! Lla> 4-^.^.ua tjL^_>JI ljLj^SL^-) Lu^L>> \ j. \ ^ ^ 33 L>-j-ui (i_j) <J7 2 
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£dUt 


>1 h mS»t t • 

Lj^LitJ L^UJj 4_4 _>Jl3JI jjuljuj 4_Iiaj>J ^ ljy ^ ^jL_ujVI ^-<-ujv ^ j_3j 

L>UJ I (JUS i 0 _L£> J>U*V I j j-ujuJ I 4 j \ ^ c. .gLul ^uj Ca> BJljJlv. 

4-u-u jj 4 _j_>-jJ^_u 4 j 1 ^ f . (jy 3 <-lU3j 1 1 ^ < f . £.IJju (_uVlj L^JjJuu .}ljJ,l 4_4 _i jJU! 

4_^J,I lIUj {^£> Bj-AllaJI 4 _<_u^L_uJI {_yc> — <_uJI ^ <n>JI L$j ^ j_3j 

cJljlx 4_Ljjlx t4 ljlflllj C<-<-o-l! jLpJ CjJurtJ Ju3 4jI VI t 4_u_u j jJ I 

GdlCtiC ^-u-v jl J-Ju CjJlSzj ijj < a II J 4_*_ulj jJl ^yi j-u^ ^Jl 

ji s 

* Jiijj (j I i t_3tJ V 3 J jJu>J1 Lj V->J I Qdi aJU 4 _lC ^ •?r <j .Mutation 

- j? 

iBjujL>. L$L Jl_u jIjJLI 4_^JlBJI jBja ^ ^ — «_u_>JI J — ujJu jl j I 

^ jJj ^jJI <Jj JlxLII J J}U-VI CjLlUt. 4j ^ j-C. 4 j>oLlII 4-ISCTu-I.I l_L& I JuUj 

** - ** * Jt* 

4£jU,l I ( jy> 4,uai 4 3 lot 1, 1 dJJj LjV->~ (jj£ 4_uIj JlC CjLcI i_u_3j! ^Jl 

^JlJUJ V « 4_JJ LL>j UJ 3jJj )) I Jl£J 3 jJ J_4 i 4j^_j_>J I ^ ka_Ll I JlC I (J J-U3 1 £) C. 

3j£LJJ 4 JL>.jJ,I lLIIj ijr £i l^l t 4 Ijl4 CjIjUx jj^yc 4 ♦ *>> j I ^x^cjv. 

4-ollo^ <_u Lj V->- 4j^£Lx j OjJjJI 0 jJb jx-<J Lo (jLcj i_u J i4jLt-£sVI 

l^] 4^lill LjV^>»-II <-£-} 4 »j tlo (j^£- ^B|3 t Cancer Cells 

^ Lx- 4 ‘^JjL^?- 4 cij^l jl 4 «_uxj 

.(3 — 9) (JSLioil j_a Lx£^ Tumor 4 jL^_lII 


(— *) 



I *Uapf fc^ , t As) j jrt*Jl ^j^)l 


^uIiLU! I t j^iaJ lj_4 (3-9) I 

- > 

(cjUSUI !_l^ 'it t-» ,,.lj < _l4j I ;j, \ ^,11) ^c-t.Li->JI g. 1 t<or,i _l>. i 
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jljyUt mUI 


L}UJI j Ju ( 3 1 3335^ 1 4 jl <ar. £)| 1 1 3 A ^ uaHuj 

4 J 1 < .1 a jlaj 4_sL-^VI (j_a 3^5 LlU l_^3 La L_u_3_s I j 4 _uLLj_<_uJI 

4_b_i JS^_33 <_ r 3J 1 j 3 21 ii-U3 ^Lae^-I j » I^>_l3_i ciliij 4 I j I 33 4 t » is~> 

3j.j» ts > II L3L>JI lL\ Jj ^jLb ^3 * L^LiiH^I 4_43ji3e3 i_uJJ 3j-^>-Vl 

V (-LUIaJj 43j-^>»VI 4j 9J 3^ 2lJ ^jL* 2-iLc. (JL$^3 LK 4 » />>i ^3ll J LaJ?e->. 

j> 

. Laj^>»j 4 \ i <n da j>l jj di^3K3 O' *^ JL i VI 1 3 xi*K3 Vj dljJu 

4o^ 3j_L_>. (jLLj_<_uJ! i j r c. j£-*X 1 c 3 <1K II o> ^b ciLii 4_^3 

(. 3 -LJJ^J V 4_uLL^_<_aJ! ^03 VI ^ K * 4a (jl ^J| lj-l3_S 4^V-*-II 4 -L<-u L-U ~\ j 

4 <; V 4>> aLtJ».i ^^l L^_43 L?CJ>. I (J is~T\ La JlIc. 3jj>. LIL a CjVL* VI 1 £ \ C. 

La j L tfuTu I ^Jj*- 33 < <i I 4 4 _uLLsj i_uJI L>L^JI (jfjQ 3 Jlc. ^^IL>o 


3 cj! bl 4>>|j 3juju>- I sLbl j_sLJI I jj*. jJ j»-tSkj 


(j-4a <3_<aJi33_4a 4 lb J^L*. ^j-* 3 (jLLj i_uU ^£LXI ^y^ASic. tfujJI CjI _ L .L a-*-I 

j, * 

L^-lL. 3 II 0 J Nanocrystals ^ILJI ol j>LJ! ^ ^L e_b ^*3 2 jil 

Jld) dsM^jII 4 >LjiV «Quantum Dots ^KJI cLL3iI1)> ^ lJ L >m I 

L;y 3 Jlj ( 1 ^ 4 CdS j-uLL-u ^j-oajsl^LII jl CdSe jjmIm i ^ j_j_ 4 a_bL£JI 

4 4-«-gj Lt3-<a ^Lul CjI 3 (_JK-tTaV I 4-JJo^ CjLlj-u*. 4_l_i-A ^^yJLc. LAj. j >o ^jj 

Llll3 ^Ljcj>. 1 ^-Jj3 ^1 lj_La_sj . Cj l^3L<aj_s L lOj 2 La j 1 to 4 1 j 33 

I Ajj Lo_ 4 4 4_3_iL*V I 3j Ji II <-iJ jJ ljj eiJJ i_u3 L^jLb 4 4 _jj_jLJ I CjIjjLi II 

(^p. I 3 jLa i^\ 1 1" *a ^ V 4 3yj_*a3_^ 4_jJ J 4_j^. ^_yz> I 3_*4jJJ 

3 4>>4l 4-jj. 4^> J (_>-^lj L 3 J) 4^1 ^Jl .dj^L-^jJLI 4>L cfuV 

3 4_bjj_*Jsl ^l^-tl 4? ^-q-<-u 3 - l ! ^_4_u_>J I L V->- ^yzjjt. 3 <; 4>ilj 

^jVI 4 3 i L II 4 (3^ 3 3 t L> ^ (. 3 1 »3 4 _jjjLJI cjIj^JLlII cjL_j_»j*. ^jLb 4 4_l<^<-uJ I 

^ 4 4-lj-u^-U 4-ijv. j L>J I 4 3 1 L 1 1 La I 4 ZnS (-LLyl I Cl) I J^-uaJ ljj ^jja 4_j _^La 

. Si 0 2 Kjlj^.II 3jLa ^j_<a 4_j^SL<a 

LV-^>JL 4_i-i3L>JI 3 j>1 4>>U ^L<.ujy Vl PEG cjLj3^_> Ijla 

4_jj*jL>JI 1 4 ) VI (jy^-£- — j-4_4jj LJLa-sua LAj.j 4^1 >0 ^3j — 4_u U j>j_j_u_J I 

JLlC. 4 I jj . 4_JJ* J L>J I 1 ^ 7T Li I (I I J^lc. (_^_uj33j L^J JL3 Cj Lljjj>J I cLLLlI 
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£dUt 


3jLlall i Cj Ll-i-oJ I Lillj ic. i^^jlsc-3 (JjJLt-^j c_jL-^I! a^- 

J> 

^ J_3j Cj Ll- 1-L->J ' ^ lo < <M 4_3 JLjl!1j 4-JJ LLj. 4.J ' L}LkJl CjLLjJJJJ £yC 4_3llui,l 
^-«-u->JLj 4_u LLd j_x_<jJ I L>Lk]! ^k I j-c cj Ll-i-oJ \ 4_jjv^j jj ju 

^__<_aJ>JI ^jkiJyau jJlsl£ 4^3 £y4J - 4_jLu^_1 I y j C. Lj^L>J 1 ^j— « \jty-xC. (jjj 

IjLA ^J-4-JU 4 J,J>_}JU I 4 J ( 33 ^ I Jl 5&3 i_uL) £ l^_<3_>J I C_<_>iJ 4_» uiV 1 £yA CjL*jJl 

4 j 1^> » a ^33.3 4_uLL:>j i_ail Lj^L>JLj 3jjj>»ji,l Cj Llj-lj>J \ i-lUj 3 jLjI (_ t 1c. 

LAUJ1 I ^3 4 :9_} (^^lc-Lij 1 ^jlr. 1 jJLrt_-a 4_Lajjjv 3jj_t-^ til JJu 

J> 

j I Lj^L>JI £ Jl-A ^JLud £_b Lg^o tc-jl ^ H j) xlajt U.J Lkj LjaTu I j 4 jjLL^ i_aJI 

J) of. I 4 jjjLJI jIjJJ 4j I dsLljJI 4 ? Jl^J jkj . La^Ijlc.1 cUs 

Molecular Imaging L;r ijj^>J! jjj^3tl JjL* ^jl33 

(. 3 AiK 1 1 ^k 4_t-ss L>. l ^ j_J I III Lc. 0 ^ jJ I ^ I jj V I j-^L-l 1 <— 3 cTuSLU 

.(^jOJI 3jjLJ. ' 4_u Ha^-cui I 


JJaj 4 jjjL 


2ujjLJi ij 4 _j^^ S ri 

4_i£^J, I i 4 j 1 to I 1 L3_*J I ^ j jJ I _j Jl_u^33 


L3_*J I J 4jJ J V I 4_o3 ( jyi jj 4 1^3-0 JJ L3 2 0 £yC. L&J 1 to 4 I J L*J I joUJ L3_o 
4 4^> L>J I 4 j^_j III I J I jJ, I ^ j ^ 4 s~t'\ ^_j Jl£ j . La V 1^ 0 ^ LaSU I C-c-pw ^yc 4 j i Li 1 1 
4 _j^_jj>JI Cj LL^jtcJJ 4 iHlse-li <a ^«:^Lu iJ L_j 

^.L^l {-a udlj^j 4 ^ t <i *>J L 3j)j) y^X\ Biomolecules 

£ ! J>l Ljr ^ 4 jj_j1_LII 4_jj Ji V I J — <uaj o . ^ — <_4U>JI L^J c_jLu^j ^^lll Lj-t T tS L >J Ij 
jL^a>- (J-C, ^ 3 V"iU 3j — J_43 1 (g j ^jJI L^_4aL?tJvl J i_4^a Cr^- * ^ 

^1 i^\ ^jUj (^jJ! 4 ^ 4 _ 4 U>J L Immune System 4 ^LUI 

^1 t_4jj>-VI £yc 4?J 4_Ls i_u! 1 ^ j 1 r. 3 m4 4 4 j 1 r. < 

^ ^llJI liLL ^-1 "n\ ^ j^Ci 4 - 4 all ^jlUJ! .Antibodies 3 j> 

jjLlII Ljj>- jJ j_t^3 CjLjIIj 3 JuHlX 1 ^ jJI 4_c. lli^ 4 4 _i^U 1 jlj-tl 

^33 3ju y£ 4_j_lL) j-l£ \ 3 c. j 4jJ.il ^uJl3j Oj-yyy 3j3lS IxLg CjIju Ski 

:4JLd! Llji! 

(3) 

.^IjjJJ 4-l_<-aJ i^k ~ 
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Ufalt 

^j_4 cdJiiJ i^ljjJI 4_J_^_<_u 4-Lt-gj ^JjJLSj — 

^Ljjia Cj^UI {j <s 4 L$_Ljju 4_i 1 /^i 11 4 jJ_>J 1 tlil_i_4 5 jj_ ua.1 

. ^-<-u->J Ll 1 cU 11 3-ZZ-A 

.4ulu*X\ Lj^lit-i «;!jJlU 4-11 juJI 3jLtl Lr^ — 

J-L*-J^±J ( j > -A £. I J jJJ 4-11*311 3_iLU Jj U»_d ^£L^ T (J1 — 

4_J 1_*_3 3_il jj ^y_L*_i l_d_4 i4 I 4_3_L*_1I 


f L 


J L> 4 ? 


c^jLc. j-2*1\ -iJLC. J_tl33 1 t4_4j^Ul sJ^JlII 4 j j 3 4£.l^jJI 

* £. 1 3 xf(jJJ 4 Ls t | 

St 

^jl <_aj^U 4_j < m3 <11 4_IL>J1 ^lC. 3jJjJ_U 4 j t lo 11 j j-3l 3 » 1 1 J, *3^ 

cj Ll->-lj>J 1 llW j <^r. 4 _j^LuI£Lj_ 4 JuJ I VLl« c—illii^VI cj! j! <3^> 

s 

(— 3j)^-LaJI c C-< >o ^J_<3_*J! ^ ^ jUl I j 13*11 4 j^Lt 1 4 3 _j_ 3 jJI 

^Tt-Lj 4_jllli^V! ^jl <_Js j^-*I I 4(jL<_u_i^iJ 4 _jj>^!^J,! 4_IL>JI c_i 1 < .^ °> LtH^^ 
4j w^i»H Jl i_uj^ I cj^L^Lj cjLLJj». cjI^_j£j3 (J7 ^ j jju ^j-c. 3jiLc. 

4j^_ 1 LL! I Cj 1_LJ_4J>J I J_*a_*_l^ 4 J-Ot 1 4_J l_C. ^ t /■^>~*( 1 l_3_d J^ cfu_l 

Sj^UiJI id n JLi JhSj^JL. (5) old daX SLijSUI 

di^L^Li lHiLLJj>. ^y If. 4_L^_j_^J I J>L>» till 4 14 ] 4_i_>- Lual I djIj-Jfclll 

JidljJ! J — 4£c_U 4^^*-~U 4-jj-uaJtJI Jl i-djVI 

^ ^u-u-a jlLc. 1 ^ 1 /■^>~*< J Vjbjj&j3 J_3j liJJ ju^ 4 L&j Lx-u^a 2 l£ Lc. I ^ L^-L« 

^IjJL! J I JlH-c. I j 4 j < «i 3 < U 4JL>JI cjLo 4_*_« La_i ^ » j > l^> ! I 

^L»JI 


d A , , 1 i 4 


f 1 


Li ^jL^u-i^U 4_t 


i j r u j j_l 3 J I 4 l£L« 3 j_ 


Jl 4JL>J| ^yC. IjLJJLJJ 

^_jLu ^ 3 t} 1^ (3 ^ 4 4_^_il 4 _jj>-^Lc. 

4_*JJLs 4?j 1 c r <-«-4iTtSLI t I 4£.LI! ( ~ r < - > - < - tj -U HIV 

jl <_u _4 3 j Li »"i ‘AIDS ^ <_uLi <— 4 

3 o J 6 J ^ cr- L > ~ ^Ll^j-JI — II CjIj^ L^L>> ^1 4 ? JiLLi o^Sj — J-dJI 

4 <y^ U 4>J _A £-L>o Jl^Ujuj .4j>-LuV 3j-st (_u_4 J_dLLo LaLj] ^Lc.L>- 1 ^jlr. 


C_x_pj3 ^y-^ 4_>a 


JL! ^ 






cr 1 ^ 


. I J ^ 1 1 I J^4> 4j?t^ L£H 4 4 L>J I 4j >UI I 1 3 • 1 1 
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Jltl 

4_lL>L* 3 4_3j^_La L_uL_uI jl^Uju u i l~> jliLc. ^L>o {j I 

2 

(jr 3 tiJJjj ^ — <_op. Jolj j3-*_tl ^1 4 J L-u ojj 4_ t SLu l£L-pa j 

C_<J^Jl1I ( jyCi ^_u_jJ_3 1 jJ i 4jLvi_?e_C «LujL>. cl)lj-pl3 Ljj 4_i£L^_4 4 J_U3J 5 Jl>3 

4_j_L*_4 3Jljj» 3 Jj^io jlSjod 4 4 1" 7r 1. 1 4ajjVl CjL£^_Ju (^_u-SLuj ^jl 

O Lu-3j CjI£^_JuJ 1 t-iUj ^jL-ujVI ^-<_uo. ^IjJtil 

Jlajj . 4_jo.jI<JI JJo. jl jjjj ^j.4 jlj-U l^I djjdl ei»l — 

i j h C. ^Cu V ^jPil 4 I * i<~t tl JJ-G VI (JyQ i£*^ l £ _^pd 1 ^Itil 4 _g_l 0 £_ 3j 

3jLjj jl 4 _i_a£^j 4_L>-1 jJl 4^S L ^]I jl^ll CjLljjo. 4 _j i_aj 3jlaj J^jj-Ia 

4Tt-L 4-<-u 4_u_uj ^y.3 3jbj ^Jl IjlA <j V LfcLLaUpj I 4_£.^_>J 1 


j_l3L3_*JI ^1_^J_g ^-jj) Io"i I ^Jiit 


. 4_G-p- j c-c^l j-£- 4_Lc. ^peJj L$_g 
jJ, I ^ ( xUJjJ I (J JjJs I jjLlJI Ljo jJ j_L^J Juu j 


(j^Jj-Ls ^yC. diJjJ ^jJLj lS 3^- > '-^ La J^\ j3 4-L<- aJ 3jLjj (jVo {j-A 4-JJ jVlj 4-U-Lail 

^ 1 .p^ jJ 3-^rJI liIIj .3j^iLu3 cp-Jl <_u T cijl Jl^cH ljj 1 

(JJLsj ^J-Lua ^3 CjljUr. 4 't 3~ a j 3^_u£ CjI >-L>o ^jj do! 4 _g jJ^ILgj 3^£Ju-g 

3jUI olijjo J nj 3 jJl 1II ^ 4_Jiuill t Drug Delivery 

V-k 1 -Aj-lC OJ4 ^-<-uj>JI (j-o 1^ julx i 4_jJL>. £.!jjJLj 4JL»_aJI 4-uLp-t^JI 


CjV ^ lluj^ fyU^JUS . J ^Ll ijlill ^J-Ll-t-U ♦ 4_U_4J 3 j-x 3 Jiii l^-tI/l_L>3 

L^ljjp- o-p> Porous Polymer ^ill ol I j-JlJI ^ 

<iljjJl 3 jLa Cjllujp. Jlj ^_^_<_ qj ^Ull 4-pLuII CjI ( j_d i_sWI Cj'j. <"ir. 

ji>i»l I L 4 ] j-uoj CjV j <_u_t£Ll I 0 JlA (JjLt3 I j j_3H «_uI<J 

^Jj ^L_o2jVI Ij_U 4 J jj-<-a^J 1 i_aJ>JLj 4awV-C -ilj-il jl ^JjlU 

3jUI CjLi-ujv. . J *_ual_b j.* i/>\ Cj ^J j 3^_j_*_ua ^.1^ >.! 


3Jl>.|j 4ji^4 V L^jLs tCjVj i_u_i£LII liUG j_j i_uJ J siIjJlLI 4_uL_<u^J' 

Time- 4_!^_<_aae_« 4_j_Ldj CjVjljuw 4-pLt-uJ.' L^pjLie-fl ^.Uo <— jj-cuTu L^_jI j 

^ la 34 L 4 I 4 3 jo. I j 4 J j i_u_i^ L*3 j (j 1 ^_pj 1 i released Drug 

s 

(—SjJUJ .CjIj-4 3Jl*J Lj_4 J-) i ^ j loljLJ ^yC V J_J 3jj_3JsI 4_J_L4jjJ I 3 jJ,! (J I ^ia 

♦ (Jj ) * ft 11 3 jIU_ 4 4_j_JaJI ^-lSI 3» 11 ^u-uLj oV! 4oLlI,l 4 jj jVl £ JlA 
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<££dLif ufalt 

^ « mjULulU JuJu>JI Jl-u-o^V Cj Li_j_i_>iJ I i_d_lj 

4 JI_*_ 3 J 1 3 AU CjLi_UJV £-4 L^-L <3 4 _ujj 4 _( <_aJ ^Gj Fe 3 0 4 

. I ijr A L_u_x 3 33] I ( yA 4 XJjL^jQ 4 J 3_<-U-l£' I J l_*_4 1 4 ^ mi ^Gj Cu 

4_3-LaJ-<3 <— _< J I iGl ^3_3j 4jj (-a-t^Lll (J 3 I XJ 

^ « hjIoLlGs (JLssJ, 4 j>-^Lc. jljJJ 3 x.^ » II L^Ioo ^ 4 _xj*.jL>J! ^_<-u_>J 1 

3J i J-J 3.U-GLH 3 j L 4 4 _lGxJ X J-L3UUH ^3 Jlj jl_^_>. J_ 3 tH i_ul Jjj-U 

[ 4 ] Li-L<-u-xa l 4 J j-<-u-tSL! I 4 j « hjIoIJjlU cj Li_i_i_>iJ 1 ^^JLc. 

CjLGGJI >JI 3 jl_x 3 CjI__i_j_l2w ^LGjI ^JLc. <j_*j 

*_j1 x^~> 1 I £_ l4 3JJ 4GGc_x3 4 _uljJ eLc.y>- 4J3 t-u-iSLU 4_4-<a \ i_u_ll 

^jlxG j-xa {yL>- 4 -lL^ju 1 x ^4 jJa l_ulf>3 LaLi-j x 3 x^ » ILi 
^ 3juJu>JI 4 j^jLLII 4 1 ji.1 yc> 4Jl£. ^J-j-^G ^.lf. 4 4jjVI oJui> {JT £i 

Lj^L>JLi 4 _x-oL>JI {jr ^^ 4 jjj i-ud J liilj I JljGju ^x £7 CjVL>. 1 xGlo jj ^G-J 

^_U_i ^l^i! GIIj 4_c Ijj_j 4_x-oL>J I u^»H 

(J1 x.xiTxl ^343 jJ! ^^yG-LxajJI L L^-xaL?ej>>I y *-i^> ^L G -cV ' 3 

L&3J^ ^oj^LxajJI Lj^Ln. JoLclxJ tjr Lc. 4 JL 0 ISU I 4 < 11 3j^e_4 4_) ClG-<i-i Ct-p. 4_J^l_>. G- 4 

^■Mc LT k. 3 jjGJI L 4 ] Neurotransmitters 4 j u^>r. c^U. 3 ^ JMLI JM_G ^ 

♦ ^jIiLljJI^LxilxJl J1 x34j i/> *~i i xiJLt 4 j 1 x^» H } 

U^x xa jjIjISJxjI^JIjjLlUx < to ^-jj^-g] I jj^Gu-u-U 

4j3jLj CjLu_l>. GjJGlj (jP-JI J xi^^-xajJl i, ]r» i \ 1 4_u jJ.1 4 _j_lLGI CjI^ x^i , nU ^>3 

x4_c! JlGj (^3-<3jJI ^LojJ! J3I3I0J 3j4l 2 ^^3 j. * x^ll 4 _u^LlIx 3 

j^3_gLJs1 J-«LjGJI L^J^Gj La-xa x 4 -LuI 3 _G (>> |^. 14 ^ 3 " < ^yjj 33 GL Ll^ 3 c- 4 -A Gj Q-l>. 

. (jj 4 ^j-o 4 _ut-xG> 3 -x 3 4jI3] I4GI3I3 4 jj_x 3 jJI CjLLGL>JI GUj 


G Ga^-uG ' JLl Ajjjutm ct t ^^Lux : 3 JGJI uiL 

Gi^>uJl 4-4 jL^G-uxil 4 _j-lUG_JI ® 

l jy>j-<^ 4 jLus^I 4 _^^LlII 4 -tXLsfcJ I 3L43JI cjVjl*_x 3 j^ 1-3 <— 3 i_uJJJ G- 4 

4 j! Ju JlGj LlJ^Gj Lj-u^ jyuu 3 1 G-^>o G^>^' 

(JljLa I jjt g' 4^3-»-x3 LxGjI Gj^ii <Ly A 3 * <^*><11 Cy* (j-^x-aL^i jGjlII 
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. 4_u3l_(JI JjjJL CjVL>J (^^yi^Lll (j-4 4jLi,l 25 ^j-4 jiifil J x-a^fcJ 

eiil j-< t-oil J^A_>* 4_jj Ja-iil cCLdJrv i^£ jJI j_la£LII ^ Jl2HII ^CjJI ^ic. J 

lLUj (jLb t4_ul_L3j (_uJ! ^Ijj^l (jyfj 4-J-iJi.l <— jLi (_oVl JljJusoj 4-LuaU.I 

^L^UI 4 La iluil j ^LjlLI (JjIx_4 ^ Jl^j j Jj».I ^1 Jlju 4j < <^U J>j^j>JI 

-^JIjlI, 4_flJi^tIl (_ui,l 4 jJj 13~<1I J^-La-ll (jib 4L_4 j^_*_4 j_& L 4 SL 2 . (^>jJJ ^j-4 

(3^" J^JLill (Jj^ls (jT. (j^J (jl Lcl 4_ul_L>j (_uJI 

. Radiotherapy ^LuiVI /\ t Chemotherapy ^L^JI 

4_uL1s 3^ (-ail ^IjJ^Lj ^ 1^11 4lj->-^l (jl 4 3 li I ^ LC.J 

4_4_jJ_aai I 4^e_aaJ^lj Lj^L>JI ^j-4 l_Aj_JJU CaJj^S l_4 I j I ciJJjj 4_U_uL_u_>. 

4_U-£sL>JI lLUj CaiilLaol JjLaai I Q^-SJI CjLlut i_uJ j->- I J 1 JaU^ 4 I jJ ♦ ^-t-a->JLi 

(j_4 l_4 4 3 Lw 4 (^^3 >■ (-ail ^JjJI 4 < 4 J^n CjVjL?t_4 

4-cl (^i^wl Jjj-Ls cliijj (4_)La^_t I 4 I? V\ <1,1 (J7 ^ LlL^-c 4-lIc -tLjaJiilj ^4— _^JI 
4 jj Ij^>J I 4jj JuJ Lj ^^L*J I » ^_ao L i— 3 jju 4oj Jl_>. 4 j 't a J 4 lo . <> I J_>J I juu Oil 

J-oVl ^ I j_u^ 4 — iizdl o juk r, U c.i .Thermal Ablation Therapy 

4j JmI a~\ I J^-Lii I ( _ T ic 1 ^ 4 jo 2 J C-au Cu> 4 4a_j_u>J I ^ Ijj V I ^ ic c I <>i 2? ! I ^£1 

3jjl^e_tl 4_c_J (.oil L^LieJJ j_j_ 4 Ju j L^_l c. ^ILo I 4 L<ul -i ^Hi I 4 ^Jj-jlII 

.^L* d^lj ^Lu^-tlil ^^t_»JI JL>JI y!b Li^ 4 4 _jLo^J,I Lj^litli 

^j_4 ^1 * jmlj 1 ^j4 ^ Jl^cH-ouJ (jyiiil 4 4jj !^-> d I 4 jjJliJI 4_^jj-Ls ^jl (jr il 4^Lt^> VL j IjlA 

^^A_C (jr £ 4_jl sz ja4 ^jiaj 4 Coj-l->J I ^jjJI 4_j j-u3 4^Ju 4 >-J-tl jj-tlil 

^<U-uj>JLj (Jr. jj j Jjt-flU i_u I Jl^ fj^i! i ^ j 4 (jr^^ J 43j^Qll CjVL>J I (j^i * ) 


4ju j-lmJ 4_uIj doc 3jj-uajj LajjJu 4 1 a n (j^l 4jJ i 4 ? 4 j H I 4?L^L^ ^Jl 4 ?" < 4 

^UjjI ^^Jl 4 _j_u2jJI lLUj ^1 JiJtll a u I (jl Jl_u . 4K ^4 loj_>J I 4 IJ 3 -V 

4_Lj uj CjI^-ULjJ 4_(^_JJ>-J L-oSl 4 _lC ^E_a 1-4-4 4^4 (-4J_>JI Lj^L>. 3jl 4jvj_i 

^[s>- jj_AJu (^Jl jl c -'l"i^"ill 1 4 ^ L 4-4 i4_<i_jJ (.oil 4j^ i-oj^lj LMJ^il ^ ic 

. 4_jj>- I L^ojLLij 4 l.il ^ulj J_oo£^ 

4 4_Sj^_LlII 4?Jl^j ^^A_*JI <-_4_iil uj lj Jj-la ^ 1 a" 1 1 ^ jJUl! ^j_4 ^uijJI ^ Ir.j 

JI 4 3jl^_>J I 4 >-J-i (^J) 4jjjll 4 jsLLaJ! (j-4 4_r j_u_4 jjl u^_4 ^1 Ji^tj i_ulj 

J>L>. (j.4 4 _j^J)j 3 oLiJuli JLoujI jl 4 4_xJ l_3t_J I Oljjl _pil Cjlii 4_uj_o^JI CjL>. jJ.1 
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y_u£L a J lo La Uj|j Jsyy>JI t? Jul> y| VI * 4_uy. 1 1 yl 4_; . tijloljjti.1 CjVLcJJ 

1 4_uy. 1 1 4 _lL^ 3 yaU ^-t-a->JI 4j?e-t-gji ^ JlC (JLa 4 Bj4Jl 1I 4 j < a II (J_a! y*J! y_a 

LyaLtjdy LV^-II jLul 4 4 jjy^SLII c-jl L>°tVl ^_l^I ya y£Lal j LtTo- I 4 j 9 jJI 

* LyJ 4_a^>»mi LVL>*-JI ^y° Lky_LC <j y.} Ly ly». JiyL_ul 4Jy^ < nil ^yo (j_u_jJ ^P-ll J 
lLUj j LL uli I 4 _»_lL_u jyuaj Cjyjl Ujyil j 4 j < a" II t—jl *_uaJI y CjL3y*J,l <?-L& (J£ 

. 4_ul_Ly 1 _uJI ^Ijy VI ^^Lc. (^ ^_i_u yl jjLLu ( _ jr Lc 1 g ILulajy <La jJl±]»I 4_BjyLaJI 
L -^>~ ~ L}JL>. 4_a Ji^elu-ui. I 4 jJu 12UI Jay-La] I 4_ylc.l J)l aLa-L«JI y_Bj 1 Jul 2 I jJ 
c—tlcl (_£J>yj L&j Lili I y-a Ju>JI y! 4l_u_>J I ^IjjVL d~ nil — LyLa CL»jJj>JI 

^il 4_>-l_>JI <C^t_<IaI y_ay i 4_ay>»y Cjly_uGy 3^L>. 4 _j_lL_u jLjT ^^yJI (jLyv VI 

ji 

»L.o ally ^^LLsycoJI ^yyl! yyS Ajiifelu-uJ GJljJuw 4_j_>- VLc. CjLuGj c B jlo yj 
(^^Gay-ali GLLa l illo a 1 4_t_i_l_t— u jLT^T ^^yJI dJB (^Jyj J)l Jjyj J)-a 4 -lIc. (^L^ill 
(J_a V I (j-a y_u£Ll I yj LlI I c ^ to Cj LuGj O lof. I JuSy . a I J <-u Jj>* LlL I y 

^j-a Lfey-LC Jjyj I &-Xj>-y Ly*_a ,J_aLuJly 4_uLLay i_u_!1 ^IjyVI i—^l JiyL <_ul 

j> 

CjL!yx>- ^^ylr. duy^! I ^-jLlill ( x_ya-^- CjJ^I Cyj_>. 1 4_>1 t.o II y_t£- I j^L>JI 

Ly>- yl ytSjJI o JlA ( jr ic. 4_a^LaJI yyLJI ^L>o yLu_JI ^j-a (ytc j) to" 1 1 ji yjjL^tHJI 
Jl 3 4_a-p^J 4_y>. y] yu jLj I ^C, \ ^j-a 4lu_oJI LVL>JI lILL ^JIlS 4 a jLui, I 

.tfjuu j! ^’VLlII aLu! {J7 ^ II ^<u-u_>JI (j^£- lylaj 


JjUayuxJl LJ^luaya • 

By-uG-a ^Jyil ji^Ljl j^\ yjLtJI Lo*- y! y^B j ^alc Cj ysej jJ.1 ^ JlBBJI 

L}L>JI ^-aJ i_3yJU La 4j|jlj yy3 4 i/a>" I, I 4jj^Vl Cj^L-iJ ya ya 

Cy-U^aj Jj1\ CjLLL ycuil ^1 lyjf y U~L | y y!£( JlA^ jJI AstrOCytOma 4yajylll 

JI 

4^_t! ^IjyLi 4 jL^VI Cj VL_>. ya 4 jU,I 40 ya yiifal (Jj-aJ (^yJlj t^JLl LVL^ 
La-ay . yutil ^Ijy La 4 Bio \ a Lajy I aySLa ^L^LL !.} aclo n jBj O 

4_jyju-£3 JSLCu yojL_u_>J I y y_j_S jJI ylSLU dJB I 4 y>* y 4_i^ lLLIiV 

^Jl ly-La-J i4j (jy^-L* Ci VI ^’VLtil yl 4_»_a ^y^lyjxil ^J^aLuil aLtlayLI 4 *JL 

L>1_L 4jLulCiJ y ^jyli y_LS jJI l_s! JiyL_uVI {jr ^ 4j J jlBBlI yylail dij jy j^o 4 
.3jyLt_a 4-ytL-o L^L>. idV-Bl yl (JI jl ^ u . < <il ^ 1 \ LJLL t^^yj La-a t^c_U 
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U.S. Food and 4 jjl^V| 3jbl o 3ia1j jJaj 1ju* 

2005 ^l_*JI ^ Drug Administration (FDA) 

LjjL>u La i-ul j)V1 ^JL*J1 &J-& , "‘ l I jjLdl 4-JJ-il JL»d 

did]} Julc jzcuOJ ^JutU cuJ O-ijv (jaiil ^ (T^-c fjs u h «i^ 1 1 jLlj 

. i ^ j 1 r. jus. t? 11^ (^juJL 4 _ij LL s^-«_uJ I L}UJI <— si < <il oA->d1 


£jtt^ i,A\j£a\ 2UjjQJI w-tAlOl v JL3 • 

4"m < a < xjJ lU/^l La <4jjVI oJJt ^£i Luual u±a ^ ic. La !j jl^ 

*L^2j| L^j N ano Gold Particles 4_^jldj| e_ui> jJI oLu> lJLI Jl3j 
i ^>11 tQjj.uaTd.1 <-Jj-*JI cLa-lc J^i oT l -^ JL i ‘4_ul_L^_x_uJ! ^IjjVI (jr^- 
2008 aLlJI Ju-cJI ^ 3L> a l jj.<-a-L3 jq_J I 4_u_u_L>dl (J-i-^Vl 

CjLu-L>- C 3 jlo^J Bj-uClJ.' dl!3j l^-ll <_uJI (joiJJjJI (J-J-S (J-4 

4-u-AjJI Cj L_j_t_>J ! t"< lo njl Jl3j ♦ 4_uLL>j i_aJI L^L>JL dJ" 3 1 1 ^2JL>dl e__<_& jJI 


l_3jIjl 3JI djl 3llo (Jj_4 p lo^JL < 3~v JlIc q 1 ]n n L$j V Ij_L_j <_3jIjl3J1 a < <»L 

. 4_^_jJ t_uJ I L^L>JI tjfJZ 0J-L£- j) (JlLLo ^LLj taJI ^J^-ll t - <J u~Tl 1 4 jJJ 

Jl ** j, 

L^C.1 Jji j)_A (jr^- jdl3 ‘ (< (_7 3 jlo^JI tjjA <-uXI» Ijufc ^1 ^LdoVLj 

^1 4-Lu-aj t Nanoshell Particles 4 j^IiII oUajL^dl oLu> ^I U^ a 3jujudl 

. J^LdJI 4-JJj^ - 3jLt_A 4_uiu ^£jdl 1 g n^j3 

Jlju 4-li-A jJI Cj1-£ J is\ 11 dilj t ^yA 4jjSL1I lJljI jJLil o' (_jr^ ( -d-Co 4_^3 o-^dj 

i jl i_uj^LI juVI Lfcjo-^l 4 jjjLJ! jl o-U o- 4 

4-u-J.I ol C jIj-LcJJ p-di-t-ui. I o_<a j)L_ujVI 3^1 nil < nl (^jL>a q.u5>L»j 

B^JljlIXI 4 j I a 11 CjLiZdL 4_<a-C. jdl 4 j 3 Li < I> I CjI 3 < .i 1 3 1'j 4-ua-LJI q.u_<-u VI 

.(jLajJI 4JLj_LiJI 4 TlL>>j j)L_ujV! I 6 1 ' “"^l Ur-d^ 

Lc l 4Jt4 <L4 _l&10I wJljI IL iJl LjLt-ct^Qi >T \ 

4jjjLJI CjL^J <^11 4_ul jjJI j 4 j i Lill CjI 3j i kdl {J ^ UjIj (J-dzuiJI l_< i_u_a 

O-ujIj 4_*_<jL>. (jr^J 4 _j£Lo-^ VI CjL»_xaL>J I ^ Jl^L 3 jLIj 4_ua-lc 4 _<_ujJl<j ^1 

t s> 

Js> fdLd! ^ji-uLa 3 ii o^Vl 4^L>dl juu ^pjl ^Rice University 

4_ujJjlII o-«j I di, I o_4 ju jlc j> j jya ^uijd I o-^- 3j l jj Ld I L_>. jJ jJ Lt_« 
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4_j_lA jJI l_3jI Jl 3JI dJJj jLSJLj! . 4 i t\a') jJI_5eJ,lj 4 ^ 1 1 4 _jJ,L*J! 

(^l>. L^uAj 4_»_«L>JLj 3!iiiL_uVl Naomi Halas (j_«VLa /3jj 

K-lL (_uil 3_}Lo l^yA 4jjjL) 4j ^j£ CjLlJ-O. ^Tl^-lII 1 ^ 3jj-3 C G ^-CJ 

120 J jJLojjLj 100 CjI j — Si0 2 Q^SLlLl<_uJ I J-Lt-U^I ^13 — 

(7} 

j_u3aj>o 4 j3j*C 4_i Liu-a Ll^_u-^> jj 1_4_<_uj (4 — 9) . IjHajjLj 


(7) 


^j-uVLa jj-J I 4_3 j^_LiJ LjJ_ca-< 3 4_u_AjJI CjLb31_3JI cjLu_l>. 


CjLl-ujv 4 jljuJI J^—L^cj 4 j^£" jJsl Jlii I (j-Cus j A 

4_3l3s-« AmillCS CjL-Lj-^I ^j-C. 1 ^JL*j ^ui L£_j1_u_4jJ! 

J> 

.Core l_«JI- 3JI ^ <_u I 1 ^jlr. Ioj (jyiiJi 4_i_j_i_^e_U ^_La <_uil ^ lo»~l 

^_La (-oil ( _ jr ic Cjl-LyaVl L-c-U-u^J L-J-X (_U ^y^JJ 

J^L33JI j t_jl JlL>-I ^c. c_JL 3J! 3 cLa cjLljjjv 3j jJ0 ^ , h>j J-$-ju L^j I (J7 £ 
(jy^ 4^3-ojjLi 2 ^^yJLl 1_A j 1 lo 4 j l_*_3 1 J jjJ V ^ylll c-.<-A jJI CjI_ lj-o> 

cl J>j3 4-u_u->- i_.<_AC 4 3 tlo dU Jj 4j^SL« 4 _jj>-jL>JI 1 ^*a- ]r\ <_u ! (_ jr lc. l_< i_uj3u 

^yJI 1 £ \ a i (i (J I < t_j I 4_LLi-*-I <^mi 4_j_oajJ I 3^." 4 ? II 3_}Lj j_) 1*% $ mi 

4_i i_uj3Ll,l — 4_u_AjJ1 £jJl!I — 4-u-A jJl 4 3 t to I 1 . Cj l^p-c j_j Lj 10 

4j 3 LLaJ I di L >. yc i jy2> 1 is^Tt a I ^ylc. ^Lj-Ll<-uJ I Cj Llj_l_>J i ^>- j L>J I ^_La i_uJ I ^y-Lc. 

J! 

.oI^3Lcj_jLj 810 4Ha_jj3 ^_Ll3 (J y>- yc J j_L> JulC. La^^I 4_^_>- jJ,l 4_u j) jjaJI 
liJLli J i4_u_A jJI l_3j! Jl3JI j_j_l32_>iJ 4;L^3jVI 

4^ \i£ C< Lftj 1 a j LAjJu-s3 ^Jj Lc^-c 4_u LLsj-coJ I LM-kj I I 4 _j y>. LLs 

4-st-uIa ^<u ^jJ! m 3 <lj ♦ ^-cuj>JIj La^^>.j C.<-l«-JuJ j tLA^IjLcI 

j s Ul * 

Lyi-ujJ o-l>. 4_uLL3j_ta]l Lj^L>JI 3jl xia-U ^L_u_>. VI cjLuj jj - j 2 i^i ->o 4 LLLu 

J 

CjLu_i_>J I lIHj (j_St_4luJ Jl_j_>JI jljLftIL_uVl l1LI3 JlJUJ . CjLl_lj_>J I 4 3 ilo ^_Lu_u ^^ylc 

s 

l_3j I JJZ <L±>-ya 3^1 4^1 1. 1 ^1 (_ujvVI ^ j_3j Q-i->. tc_jL-^Jsl 4 _j q 3**- jl ^ 3 

4_jL--J.I LMiJI ^ lo Mil cjLi_j_i_>J I (JlLrtlLl 4(JLl3JI 4 _^L_u ^1 c_jLa jJJ cjL_j_oJI 

.(5 — 9) ^JSLcaJI ^.y^ jJb U£" t LAj-lC. (jj-i t< lo 34 
( ya Jl^GJI JlJU j 4(J^I jl CjLcLi-u Cm 4 _LlL^ CjLcL-u JJJ-A J 
Ijlxj 4^^LL3j-4_4x]| jJl*JI ^1 j_« c_tis 4-pt-u Ijlu-u V I L^jl^I j_« ^Jl l_3jI Jl3JI 4?JlA 

j_Lu ^yj>.^_43 (J £ !^_<4 _>iJ 1 0->iJ 4-iuioVI CjL>.j-o l yA lJ yyu^ ^^LjlGjI tl^jL <n 
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£dUt 


Jujj V i I Jl>» 4-u-aj BjJLai ifilij t4jl ^^LaVl j 5e_j diljIuajjLj 8 10 

4 3 i to 1! 4 j^J,1 4jj_iLlII L_ufcjJI CjLu_l>. u^ILqI Cj^Ij ( _ ;r ic 

j> 

i $. lj_4_>J I 0->iJ 4_» tii VI ^yA ^.iLdJI i 1 ^jlf. daJ i_uJ,l 33 t-oll 4_jj JuiLt 4 _j_>-jL>J| 

ji 

CjLvjJ ( x_jjjj 0 _o- i 4j j lj_>. 4 ^llo L^j 4 j.o" 4 1 1 4_uj_iiaJI 4 jsLLaJI 

L 4 L 4 J 4_3i£^ j t4j^L« 4_».jJ 42 jJtJ ^Jl ^ I 4 _x^jL>J! 1 ^ tt to uj \ 3jl^_>. 

^ j 11 L^j c_jL^sII 4_uLL>j <_uil L}UJI — j-ujuJI jL>. (j| — j \S _5^-l 

ioo <yi 4Tt-L<-gj cJ-u^j t^J^al^ ^L^Jj L& 3 -J -4 Jjj 



£ 4 -jlxIlI.I iU-U-sdl Cj\$ Io >J I ^ ( 4 — luj : ( 4 - 9 ) j 5 L_tlJl 


S^LiSo Li>_t 2 lj_d <L jLL 3 j_ttJI f'jjVljJ** -J 4 Jjla uJulluiS 4 ^\>i.~t fill <Lj_l 4 > jJl ^_L_uaJ! 

ljLjS 4 Ju^> jjSLD J ^SLi- L l-llJ I Cl Lu-iJw 3 -«-^>iJ J j iSi >1 " t t 1 ljLl. U £ ^y -2 . jL-alj 

j^So ^ 4 _j_>.jL>JI L^>i_La ui] J-j- 4 >lj ( 4 J <( l) j-JLa^jLj 100 J_j)j ¥ jL_Lail CjI 3 Sj-jJluJ 


uJLLyaf lILi— LU 3 J^>- (j - 4 t4jjjL(JI V t .frjJl ljLu-o* i-j 1 l>. 5j^L_3 

^_La uji cr ic iU^LJI *— ujLjj£ t_L.j_i.ujj 4 j i^r, JiJ 3 jju t(cj) ,..V 1 lILAj ^_Lc 

2 LfcjLLa^l jLxjI _Ljjj uLj ^ l lUIj ljUL^VI 3 ,"t 11 iiu^. LSL<_L< uJI CjL->-l.cv 

t-jLtj-oJ 4 jj>.jL>JI ^tlauuiVI 4 _j_lA 1 lJI cjLjjSLJI ^SIjjJ 4 -l. L «jJI i jjaj 3 jLj)jj 

20^2 l^u 1 ^ ^ , <11 4 ujLtLiij 4 -ulJ> ^....lr, 4 - t - uft j t ’ \ 1 -Li 4 _) jSLj LSLlIj loJ I 

^1— ULjyj GLuJJjJ J : LU3U>|J JM>- (j-« <U_ul> jJl cjL^jJII lUJj ^-LloJ Llili _L_3»_l^ .( j) lj_j_4jilj 

lUJj lJiIjjj tii_u> Ll. L «jl» j t ^> >i") (_ 4 ) JiLjJI ^ Y JiLui ) 4 jjUoj_uu LMi*J 34 Lub _4 
Lj^L>JI ^^-41 t_ 4 jllL 3 il lIUj 4 jj>. 3> J—tijXl jl 3^Jp' J-«-»-j ^3 3 "tl t.i-vVl 

lIU^j tt-iUSUI l_L^ >_ jJ^ 4 4 lo 111I3 J dIujLjj 4 -^-t.^.uaj J 5 L^Jl :ji LuaXl) ^tu>»Tlj 4 _ull 3 j^uil 
.( 3 jjIj ljjL>ij 3 _4 jojVLa 4 j tltuali U. Lj ^3 


4_j_^Jl*J I (j_uj! J 11 L_tilj2e_4 4 _jjj tluil 4 _uJl*JI CjI i_u_£l_UI JJ 

CjLu_l>» 1 <^i" ^al 4_uL£Lal Oj^jj 4 i_ulj J Co> I Jl^j 4 4 " ^ 1 1 

_AjJI 


.Jj^l 4 -lIc 1-4-4 L^J 4_jJ3la CjL>*j_4J < 
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jljyUt mUI 


Cj Lu_l>J I jLks! J jJuuj 4_o*jL>JI 4-t-t-A jJl 4 3 tlo II ijJL; <_u 

ji 

^ J jj i_3j <_o ljuk t <Jij!jui]| 4 _o-jL>JI ^jjJlII 4 jjSU,! 4-l.lA jJl 

^ lo < n tj^C. 3 Juju £_3j 4_jjLL>^_<_o jJj (J-dLjuJI Cj Lla-i_>J I 3j 3 jLj 
jJUs 4_j_LZlII c 3 jlo j3 LijjJs c 3 ^lu I I jJ i JlL>JI 

. juSUIj (Jiid t^-t_u->J 1 c i Lj^Ljej 4 _«j LLs^_<_uJ I oLjLjSLlI 



LjM^* 4^>*j (8) 4 — ijju ,j_4 CjIl^I 4Ju-sJ 4 _j^j>i_4 3j3— us (5-9) J5L-faL!t 

< (3j^ uaJl j 1— Lj 4 taj 4 .^-l.L.llJ I (_£ _CJ I LjM^J 4-4->*U-4 (Sj^uaJI Jvlu 4 3 t-~> * a) 4 _uLL>j m 

^_La uji Sj^Jvji! (J5 L_uJ! 4jj^£ CjL_u_x>J() 4_*_u 4>JJ( i_jL_a_*_>J! i j jllia 

jSLlJ I j_l4j I ) 3jl t^lll j> L llJ* V La 4_LJVjl_j*l I 1 g mt Ll>j_i_u2_>0 J.u.u ( ^U I ( 4-iJ LL j^ nit I 

LjLxj-Osil lILLS J^u^j i_*jj . La^I 4jv^ILIL2 LA-L>-j 4_jLuaXl Li^L>Ji t-iil («5-5» 

(tt tn-% 3j_uiJI 4.J ^J^x<b j. U^>t, u <^>jL>JI ^^4^ « L^4ajL^a» 

i_U_d3 (jj_t44l 4-Jt.uj I l ^ 7 JVj L>. J _Lu^_4 4 lo 1 111 ^-) t 4 t ,11 V I ^j_4 cllLv ^-4 ) <jl— 

J_uaU L^Jj!j_>- ujLvjJ | j_4 Lj-4 4-J>— Ji V I lIUj ^^jLuoUsL) 4_j^A JJ l I uLll'V 

^j) <Lj 4^ LuL^j ^ ^ " °i ^LLsj-tuil ^j^JI l^fcm <^11 3 j!j_>JI J4Jj 4-L^Lj i4_}^d_a 4_>jj 42 ^-><4 

.(*— fUlSJI Lla <lLa-uj\jj JSLUI IljJLuj jtv.j-4-uaj 
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£dUt 


j_>J I 1 J 4-iiA jJI Cj Lu-t_>J I I J->- 


(JJUj 


*3*33 


^lf. 4_pe_t-£3 (^1 c_oj i_uj V 4_jJLl2JI l_^_4L^_4 £^4 ^L^UjVI Julj 

Vj (jL-ujVl ^ I-UJ7CJ 4_p* jJ dal <-ujVl £_4 jlu L-.uhjd 1 jls £) V liJU jlj 


(jj->- J-I ^-U J-&2 1 jJ j ^-3-<-uTJ b JfrjjLU J^Lii-0 ^! ^-<-U->JLj C-t-L- 


♦ £j l—Lt_u V 1 < tLs iJula 4_j ^\_jlL<_uj (jLouyj 

Jl 

i^a 1 ^jlc. ^Jj ^4_> J j 9 l_L& L$_i]I jl xfuJLl jjIiU! ^jl (j-4 ^ r.jJI ^ If.j 

Jl * 

4_uLL>j_4_u ta^L>- C<-Cjj ^J^jIjlXI <jlj-l3 LT ic CuJ^l».| S^JlaIus 4_l1_4-*-4 cjIjLo^I 


^jl 4 _«^LjJI 4 J^lilll a|^£.VI ^ lo" 1 1 1 4 4 L$jl IS\C. I ^ £ 

JLa 4 _jJ_4-*-4 CjLjI ^_j_>. ^ I Jbfclui L> 4 4^1' i-JjLstllil eillj ^I-^IaJI 

cjIjLlo^VI 1_4_l£ l^_u£ U^j tii 1 \* U 4 ju9 llUjlj (ji^SLsj . ^3 t__u!jVl 

^ Jl 

. (j^c- (jVI (j-4 (yCu-uj jlsu j_<auJ! (jy^Lc j. 1q"< < 1 1 4jj_j^-<_uJI 


JSjSLluI t jJIj jjLJI w-cLa 

(9) . ~ . j» 

I 4 S JJ) t*> -v. Ju Ijpj 3^-u^ 4 4-Lq ^jIjJ' ^jJJI 4_uoL>. 4 (^j^L<-ail 

1-4-4 4 4£j^kJI 4Jj3j 4jlsli»JI 4 _u!jl*JI CjI jIjlII 4j?e_uj dJJ^j Jju 4_L_u 

SlLvjI £-±4->- SiIJlII I Jl$J ^yul 4^>U jl JlC. 1 ^l_4Jjlj 4-L4 4_4lJI 4 I-JJ Uy 

L7 _4_41_UjJ I L-J-I t_uJ I J_A 4 <jJI I Jl-& JlJUJ .^_4_a!jJ,!j jjLaloVl JlIc 4_i-^l_>- 4^JUJ! 

J 4 1-4 1_C 74j 20 (j^-j ^4_Ajl_4ilI Qj jjl ^JlJLJ! -LlC j IS\ ill ^j| jL4^l] 

tjy£ ^IjJI I JlA ^ji J jj . 4jj_4-*-II 4oA]| llLItJ ^J< !1 (^31^-41 (Jj^^ 

4_jLusVI j, Io~V- ^j-4 L_4 _cLJqJ 1 4 ^ 4L r A2i! 3 j_lL 2J>. (J£l 404-4 ^Jj (jLpwVl 4 

*IjJI ^j_4 ^jJJI I ju^ . 4 _jx.I_ 4 jJI cjIo£! l^JIj 4jjj i.^11 cjLsljjJLi 

4JL>-jJ,I 4 jIc V 4_j 4-j 1 4^1.1 j! O jj>. i3j-u^ 3jj Laj>^ 

1-4-4 *2a \1 I^t,l { J^ 2t-4-S c _ a 1-4 LJIJl£ IjJ 44jLusV 1 ^-4 3j£LJ,l 

. £-}L*J! 4j 4_jLuoV 1 4_ujoi,l 4 _ujL>J 1 jl3V! 4_icl_4o2_4 

4JL»_jJI Lhh^ 1-4 1 <3 < <il jjLlII Ll>.jJ j-tSa c r 4 4 ^ ( oT 

^jJil (j-4 (^j^_4_uJl 4 I jJLi 4 _Lj_uj_I,1 Cj1_Ljj>JI wLj Jl_>iJ ^jylc. BjjlGJI 4 j4jJlj 

I Jl£j. ^ I ^-X-J I (3^ lJ ^ ^-5^2 ^ 1— 1^ <J ^3^.4-^-^' 

4 4 4 S~) J ->"1,1 JJUllil ^JosLjL^J (^jL?d]| ^3-loJs I J (jVI 4_>.lo_4 7T 4? 1 1 4-4 jGo_4 
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jljyUt mUI 


j-aVl i4JL>JLj t lo I ^_jJ (_uj| $:ljjJI C 3 us J (jr^- (jr'^-ILt!,! 3j JoLa ^j_x 3 Ju^a bi-d 

^_>Jl3j ( jr Lc CjL?c_) VI jVI i^£j ^> aj . £}b*JI (jr^ 4 jjI^-II 4_u_«jJI BjJLaJI j_uo_3j ^ jJI 
Cuoej 4 4 4 ts~> aj ^-t_uJ VI ( jr Lc i^jl L>a 4 j^jL) CjLi_j_ij>. <^p3 4 _i^_<j 4_aLu^_i^ ^.lu 3 
^j-a dljj ^-cuj>JIj 34jj>*jJ,I 4-jj>.jij)j< <u?ll jj>-l JJ>JI Cr^ UJ^ 

.<Uuju-uj 4JLjl3 3jj_qoj 4_ul jjJI j-l^I a* 11 4_1Ljl3 CjI_Cjj>. ^_>Jl3j 

Biosensors 4 jj> ^ r. cjL_uL_uj>* j *_j_Coj ^L^jJI 1 j_p*i ^_^_>o jj^j 1 ju& 

jj£jJjlII 4_l<.uJ ^ 3jLv CjLuaLjital (^£l j-^-JuTu-uJ j. * 1 1 4_ufcl_u_a 

£ya 4-C. j < 4 ^ a 4ojjLaj)j^a_a CjVj <_u_i^ CjI i_uL_uj>J I dJj j . ^ jJLi 

. ^-<-u_>JLj 4 3 bw a ^i ^ lo < (i ^J-C. 1 j i~ i ^Oj Cooea t <-i£^aJ I ^_al <_u_a ^a-LLI 

Cj L_u Lajj>J I dlL ^ j_3j ^ jJ la jliJ I l£ 3-* ( - u - c ^ 33 ^ ajoje-^jj I 

(jy. ic. jii>- L j ^jJI ^JLSJJI cJijL^JI ^}\ 4_Lj_*_a cjIjLiLI ^JL-ujLj 

__ J> 

CjI <_uL_u_>J I &JJi> j-jj L>~ c_jjL>o (jVI . £j-l! j i_ujVI £jj& jj-^-II 

s 

^j_3_>a ( j \ J j i_uJ V I ^j-a 4_C.jO>» Cr^" l£ 3-‘- >tJ 3j. j • Cj Lj Ijo*. <-_3 l_Caj Ct JOta 

4^u>UI 4^ja>Jl i's> ) ^ J) 3~ 4 (j!^_>iJLj J <,Vm 3j_jl ( y J c ^ MI>JI ^Jjj^lj 
4 _j j^IaILj Ijaa^ }ba i t-jj LfcjJ I dlj ^L>o . (j_u Lcaj>J I j L*j I ^J-c. ^ La 

. t^jiL^a] I I Jj L (j\J \ u~\ 1 1 jJcJ I (j)-^ (jf'-i^VLl I Cj Ll4 


4a jJ I 4_j^jV lj c ilS.tt L ya\ jj*\ 

^jj-SJl l j r A (JjVl Jl2jlJI 4_jL^J *—Jj^ ^1 4 jj cu-lII J 

Jjj^ailj J^VI I 4 ] I 4 LL 2 JI cJIj 1 <3 4 l ^-J^-<LjlJ I 3 (^4L>iJI 

q I 4 <_Sj^jl 1 I .^JLjlII jJj >. CjLlBjJI j j r A 4a U, I (J7 ^ 50 j-=ta {j c. jjV! 

(j jJ I Cj 1 1? ilo (j ^£a ^^Jl ^a>.^a t 31 1 l^as I * lj^ ^t-u-ajJ I c-.<-l<-uJ l 

^aa_3j l£4Jj Lj_ 4 i^jJJ 4i^iJJI (3^?lj CJI^ 4 _j^.j^LI 4-tLvl JlJ I tjlj4 >JI 

L j_*3a>i_l, I ^ jJI 4_u^ (jaj j ^1 Jj j U£ 1 1 ^ ii-aajj 4_iC.jVI dij 4ajja3 ^ 3 


4_jjlClILj Ijafc^ <<i ->i-I I g. 1 i^iC. I 4ae <_aj lj la^L>- ^^1 J-a^l jil (j i_u£^Vla 

^To- (jL^-jac-J 4 jIj jJI ^ Jl C.J ^^P^j-^jlII (JljLsj . ^jJI Cr^" J 

cjUJ^JI cIIj jlj, 3" i <il ^4 lC. ^]J 4jaJII 4-u-u-ajJ I c— iLi-t-uVl 4 ^j_jl> 3 ( _ jr lc jjVI 

1 ^ < r. ^<a?e-a jjaJajv ^J^LcCc L^jla 4_lj_oj-c ^a.Lill ja-<-u^a-U l_^_ua^auj 4 _lLA jJI 

. 4jj_« jJI ^j^alj-CJIj SjjjVI jlju_ajlj 4jj_djJI CjI_IoJ_>iJI Cj j Ja>» 
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£dUt 


4jjJJJ <_j sLi i_uVI Ju Jlj>o ^GjwLlII ^jVI j £^33 J 

s J* 

JMiw dllBj 4 _jj_o jJI 4 _lCj^I ub J -^‘ ^ic B^jU i 4-u-AjJl CjI B-JaJl dJ 13 

ji 

Cj^Luoji.1 oLdi CjIjjJ-lI 4_j_i_j_i_>J I c 3 jlo j 3 ^ lc Jl^3ju 4 3^ 4 4_uj5cj ^_«1j_j 

Cjljl4^- tjy ^4j < i <ijIoI-(Jl1 ( I ^1 j-^JJ 4_jj_il_<J 1 Cj L i_u->J ' dJJji£jt^4_ui£LIl J^)L3 _lII ^ 4j^jLlI1 

lj_JJ>d £-Lu2 jLLsVl (J-oiU ^ CjLB-lLlII dil3 ^£lj3 £y£. J^LlU l_B d£J1 

JI 

Molecular Beacon ^^jj-^l c^ 5 ^ 4_JJ^jJ^_U_II CjL_uL_uJ>JI £jj 4 AjJj>- 

(3d>^ L>^- ijl <-u-iV! ^ m~%. i^l\ L^JL>ol ^3 j d)lj3 L« jjLj 5 — 4 jjfjs La^IjuI 

^IjJtl jjJj ^j_33 C-<-l>. 1 4_Lu IjdL J 43 _lC jl 4^e_)L_u ^ jJI £-4 j.zz-Cl£i i L^j 4 < 3 •%. 

CjULuJI 0_L& J3j ^3-JJ UulxujJ £yC. ( JjJ_<_ui > l ^-<-uJ>JL> ^-Ll>JI £jjJI Ju-£3jJ 

^ ^-t-a->JI 4juLLq 3^-^V.j (jy k. (Jj?E-t-u3 dl is*tt 3JJ djljl i3jl ^j-C. 

(jj-AjJI dl 3 i lo j_^3 4_j£Ljj1£L ; uj yL_u j_aB3 j <dl_Ljj>JI dli3 4_t^lj_4 ^33 ^3 

(^jJl JUill j (JiuaVl c_jjJ_<_uVl JljJl^j i_3Jl$j dllBj t4j^_«jJl 4_djVl JjljJcw t _ ;r Lc. 

. I Jufc 1 ^ 1 o r. 4jjL3 {j£. <dl_Ljj>JI dil3 4^lcV 4_cLi3l c_«j?cj 

Cr^ Ijrh^ Lcl ^ < <ij 4 _uj^>JI ' 

_}! jll JoJinoj 4 j^jLlJI 4 j i lo II ^_dl_3_*JI jl j 4 i 

4_^Ij 3LU (jj-AjJI <dl 3 _lL> BJIj^ L$_«l jdt3_ 



jl d£JI1 tj-aj 
^ J 4 ts~! 3j <-<2-U2>S 

^1 4aSL uu ^l 


Ju-iDjJl ^JlB 3JI <_uj . claJ 1 (jljJij>J 4 _iL>.I jJl t_uV! 

^-£aL>iJl «:! jjJl 4-c.l \ ts~> dj . Bio c_i! Jo- 1 cdLcpJ ^3 j^_>iJ1 

^j_u 3 4-u.LaJI ^-lsLBjlJ! JJlc. 4-C.Lu^d ^33 C-c-L^t-i t l_^3_jl3lj 4 II jLj 


tc-jl t/> 4 4JL>J 1 34 j a 3/^3 0_pe_i t L^3 _jJI_3l£j 1 ^3 Llj-l->. I 

43JLjwj i4jj_ajJ! 4_Lulj_t3j ^^lj3Ll c_-<-j i_ui,l ^-Lij^JI dJjJLcuJIj 

« Jl>. I j 1 3 » 1 1 » ^ j)^3 ^ a ^ t3j^l3j j i_u^ t ^3 (^y^j ♦ oj^c-y 4 jtt 1 

. ^±jju4 4J L>J l_B^ j 4_±j^j3 j 4 <w <; /^>3 ^3 j JlI I (( L>J I j l_B_*J I » 4JL^t_4 
J J-tLaj (jy— II 4-ual^JI^ BJjJlxU 4_lL5c_lII J^___^>JI jLUJ 

j^l ^ 3_J! j 4jj_djJl (j^lj dJI j 4 _lc.jV I I Js 4 jj_djJI CjI LiL>JI 

4jj_« jJI I jl Jl^-ujIj 43^. Lti.1 4 j ilBll CjLajVI CjVLv Cjj Jl>- ^_Lalie_4 

Fibrin ^jjj-lBJI ( J_^1_3l 1II BjjLs 4 jjjL3 CIj 1_J_U_>- C< 4 4 is~> 

. 4jj_« jJ 1 CjI FiIttII I 03^1 Jl*j jJI j ^ jJLj c_jI jJ,l j-±£- 
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Mbit 


id-! jj iCOLaLc jJL 
4ot_ UJ L^*_Li2_4 4_>- L_ 


2UjjLJI ljJloX I ljULc^ 

La^ljutH i_ul ^^1 LocJb 

JjJuO J)j is~i) 4_jLuaJ,l LuloJl UJ £_J i-U JJJ 


(jj^ (J jotj (_£ Ia-J I j 4_jlo. I jJ I L^j ! j jo. ^ ic ^Jj^TlcoJ j£J I co 1 3 i L> 1 j-<CluoX I ljuJ I 

J> 

Sjo ULLa L— <— u lo 1 3 jLlC CO l_4 1.C JlI 1 <jJljj ♦ (^-^e-Lt.u^'V Li (J_4J>JJ AjJI ^jLj uj 

3 jj_u 2 _j lj L uaJ, ! (j Ljuiai I l_^jo ‘ Sjo- co 1 (j-^ 4_c j (JSLtToJ I 4 _jj I jlo t (i ~\ 

CuLaLc jJI lLUj (jl !^]\ <ibLujVlo t4 I^Liw ^j_ 4 ^jJI jJ)j- 40 ^-4 uO 1-4-4 *4-40 ! j 

uill 4 _lL>^IjJI (jljJu>Jl ^ lc £jj_AJl!I Cpl 3 ilo ^"Ijo (jjj <Jj_>o 

^4-Cj-Il . 4 oL».|Jl 1I i^^-U , <( V 3 Jo Jo- 4j?e_uul ^Lo 1 j. ui 1 ' l_4_4 

JlA CO l_4 l_C JlI 1 Liilj a I Jo&Tluj I L-OjUJ (jM uii.1 ^j_4 JoJl*J 1 JjO»J ^j_4 

ijr £ Jl4-u Lfcj-LaoJ (jl^ ioJijjo jl 4_Lio. jl <*jJL COjIj COj J l> 
~f - .. jj 

(jr Lc ^£ljuJ Ll Jo L J^_4 i4_4ol J 3jJ_UOJ l 4J l_3_4J 4jj 1 3 1 ' 4_4l_C jJI 3 jU ^LU! 

(11) . -* 

. L^iol jo ^jJI jjLj-u/ Jou ^JLJloj ^jLjuiaU 4 -lL>. I jJ I 

4 J 1 4 c. (Jjiow oloejl ^£l O j-u£ 4-4-&Luj_ 4 JjLJ I Lo-jJjoSo C0-4-&1 uj Jj0j 

cjLlJoo coLsLc. jJI cu-oLI 1 dl 4 j U >3 ^J^Lo. ^4 t^J^Luii.! clLIj o-JLuJLl 

j> 

4ojj III I (j | jjj^J I oaj L I c 3 lo jj Lu 20 I . Co 1 jX J-jJ I ^j-4 dJLa—uJ I 4 3 j4j 4jjj L 


I J-& i4oLlilj 4ojjJsl iJT £ 4_3jI_^ Co^ 4 lot_4J jlualo 1 CjLaLc. jJ! ^Lol ( 

. L4J ^-t-uosJ I ^£.13X1 jl_^j>JI 4_4jl_3_4 ^ J^c. ^]\ 4^l_uoVlo 


lo j_oISLi I Jyj "iljLjajAl jjQlt LovjJ jo51j 

^JjVl Co I jJ uJ! JM_>- Col£j uJ I (J-oju CojjvI 

1 1 ic. 3j_oJ,l 4_J_4-L»J1 CjI 3toVl (J-4 J J JoLI 


(jj-jJl Ijofc 4 ol Jo 
4_looJ 1 jJLil 4 jjoLlI1 

4 a L 1 1 ^1 JoVl (J3^j JolII 4_4 j l_3_4 ^Jlot_4 4 3? j 1 ^> jj 4_ol£!_4l ^ Jos 4_£j_*_l 

CO Ll-uoJ 1 (jl ^Jl ^olluJ I COjluO! J^j .Col uj jj. j a 1 1 j SjLloJI Lj-uSLlH (j _4 

Lj-L^J I !^yC 3 jJOU _4 £-J Jj| 4 -UJ-A J -4 3 jJ^ 4 _UJ_jJl jJLjJ 4 jJjl_Jl 

CoL_j_loJI lLLIj j_j_*_uoj jjl ^J 1 ^o-jo tOJLIjj i^ 4 _oljo>Jlj CO Luijj_ui] lj 3 jl J >>!1 

^ ]n 1 a 4o-l UJ_4 iJT £s 3j_u£^ BoLj (J-4JU C01jIl4JjL 5 J_3j jU=^cJ! 

^jJ jJ jjj t^-La-uJl 4 o-Luj _4 Sjlojj CoL_j_o>Jl jl L )4 I ^o^Lo <■ CO Li_lo>J 1 
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^U < <ill 3 JI 3 ^ 4_c^Jil CjI_i_u_>J ! c__Jj 3 J 3 J*. 3 JJ 4^311 3 t^i <f. CjIj j 

ter jLu^LII 1 ^ U1 cuj 3jLj 3 JI j L 4-4 t cj L- u^eU 3 > ;UJI 

Q^SuJ itjJLIjJ 4 _ 3 t_UJJ 4 (^JJ>J! (^■A- : ?e-H-a£'l £_4 1 ^ If- l-OJ 3^ 3 jljj lLU 

. Cj L_uJj_l3J I j ^4_u !^J>J I (J3-3 3 -^ 4J J^u-u_4 3 y&J 3 H] I 4-4 L_J I 4 /^) 3 1 1 Cj I-J 3 J I 
3 j. ^ -s- V 1 4_f. Luuj 3^ 4 ts~i ts~t 3 r~U 4 jj^SL 1 I CjISj-^I ^JuJ diy£uu>- I 

J 

4 3 tU i (Ji»J jJI 3-0 Slum <LJjuJ, 1 CjL>.yluJ1 < ,uaj 4 4-ujjIiSLI V I j 4 _u^_^L 1I 
dJ J 3 4 Ju *. 33 Jj9 3 ILII Lj-pSLiil (JS-3 i__3 Jl$j 4 <3i3f 1 j_Lb i ya 4 3 j4j 

^JoJ C-<-4 lj3 dJjl^ 4 ^ 3 -U^-lJ I Cjjinjl 3.4 4ii33^J>ii.l 4 4* UVl 4jl_4JV. J^l 3 UJ 

3_!l3 l ^ya 4jjj 1u i__£ 1 jJ I £_<_u > yj 4 4j Jl>- V I 4_f. Luuj 3 ^ 4 4^1 -rtHl I Cj L£j uJ 1 

3-4 Lj-uSLjJ I 3 ^ JlSJ 1 Cj L 3 U 4 £_<_4 J :*■ 1 ( yta d! J 3 4 4 1 Ju>J I I Jlj 4 1.0 3 1 1 

3 - 1 * 33 J, Sj-uS’ 4-L4-& I ^UU-t 1 1 Juk JI 4 - 5 J . 4 1 Jl->J I 4 1 JU 3 I &y2i£ 4 L-U I 3 ^ i — 

CjIuL^IlJVIj CjI 3-° 4_4u! J Sjj tuaj Q^jljfcj ^jJI 4 ^ 3 ^ (_4jJl 4 1 jJl 

4- 4-p-J e-uSl 3-f. 3JI Jj jJa 3III 4j3-uSLu! I ^jJulIIj 4_iLu2> V I £_<_4U 4^Jl3_!1_j 

. ^ JlSJ Li Ll^JLlC Cjj Ju*. 3 ^ t j3_4u3 
4 L 4 U* VI Cj 1 j 1 4 f ■ 3 ^ 4-4 Jueu-dj 4 -u3oLjjJ1 ujLuJI 3 - 3 ju Ju>u l_4 

£_<_4 (__ £ Jl^J l_dJ3j 4 4^311 <— sLJLj 1 ^ 4 J » U~ ^4-J J j9 43 J 

^j-4 CjI 3U 4 ^^yif. 3 IJ 50 J3l J (_u ^ JlJ^J (_4iJ3 4^3^3111 (3)-4 (^3 U 4 3 ! ^ 3 _u£L 

jJj i_4i_J 33J I3 3I U 4 Vl 4_>JL*_4 4 _ul jJI 3 j-f. 4 j3_iIU1 4 i^> 4 ? 1 1 CjLlj-uv 

(12) ~ ** . ~ ^ 

. ^-Lc4i-(J 13 JJJlJI 4_f. Li^ (J ^£ 4.4 Jl^c3_oj_ 1 I 4j?e_<_4ijVI l yC L 4 -A 3 -LC .3 


LJ 3 JJ 3 3 _jl_Jl 

C-u£ 3jllll Ljj>. 3] 3-^3 CjI 4? j iUl 3^- ^3 4 ^>L ^_4 Juu V-JJ-U ^yJt2 J3 C 

^-L>.1_3 1985 *J I 3 ^ 3 _u i_4ij>. LLU 3 II i-u !j_i 4JL>3_4 J>U. 1 ^3j3l3 

20 J^e_Lj ^c-jjLlII dl3 (J-J-2 L 4 3 JI 33^1 jJI 3 J C-tJL ^33 . 4_uLLjJ I CjL*_4L>J 1 

4 -i^J 3 _ 4 Vl L4-LU-4J 1 3 ^ ("il JljvI 33— djl_*j 1 3^ LjI3 Cj Juki uj 4 4 _u_u 

lU^-V J^jll 3^1 .((Fantastic Voyage 4 __i]Li»J! 4 JU. 3 JI » 3 ^3 

<— 3J yX 4_jJ L-kJ I 33 SL 4 J 1 cllj3 3J Lx! I c_xU 4.3 uii^ 3 IJ 2a_j I 3 J I 4_) 1 uCJ 1 1 Ju k 

4 u^ 3_4 1 3 1 3" (_u I (3^j>- 13^-1 1 3-4 3 J 3 B 3 ^ 4 j I Ju>- 1 Cjj 1 J ^ jj 1 4 ^ 4 1 j 3 1 1 dJ J 
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43jjjl cLo J& £-, — uj^j <_>*=5i3 ^ 


^U 4_l£ 2>! 5 Lufc (jr^- 

j> 

^ <_uj*. C<-L>oI t 4 _tL>JI 


4<j^a 1 Juj itiJJii Jl1c.j . £c_U_i L&L-u^-a 4 jI_^_lII ^ .uaj ^IL>. il>j 

) 4_i elaJL^o 4_jljl 4_^ilZm ^jj_iaJI $.1 1 

( _ T lI I 4_ptjj LU I 3j_G> 1_>J, Lj 1 jlj_4 j 3 G ^Ic. 4 j I jjjJ ! dUj 3js£3 
< jV! — tjLs-Lis jjLcuTaj ^c-ILc. L&lGJl 

Jl 

4j j I jJ I Juu j 4 1 9 5 9 ^ L*J I — jj LlI I Ljj>. jJ jJOZjj fdutJ I 

. ^jjufaxJij Q^Gil 4 _jI JlJ £.a Cjjj^s-oj ^UJI jjLlII Lx>-jJj_tSa 4 a < ol3l 



4 _>»ULj| I ljjjjj jjLULJ LGsljJlsI lL ^^JLslII JiLiJ' (6 - 9 ) ti-JI 

^ ' --•> ^_J G-A-CJ .^jm.I'VI^ ^yjUa^i.. XI ^y—3-U2 ^-4 1 ■ ^ 1 "■ , ,, V <G |j_>. I ^LGl ( J T _0 > rt,"t n. Il O 

_ > _ ___ _ _ _ 

j>-L>iIGu_) G_*_>. in4 4^.Lol ^jLUl ’ G ^ 1 a ,<atl J5LGJI 

Ja-jj-La 4JL>i_tiL j Go. p "'•».! Lj La ‘iujUJI i_jl kujj-GJI -L>4 Jijj-Lo 

4_GbL>JI ^4<i.>»tl GMi** dU _u j_j L u J! (j- 4 i4_JG iG _u j ' 0^ 


.(www.foresight.org :j >^j i 
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4jI jj ijr 3 1 4 ij-uaewJL OjjuJLI (JLjewJI £yA ^ULjJI fj If. j 

4jJ^jj_c 4_x 3 i^jJ (jjj-u^ LaLaTeklj V j j_2 CjjLw Jc3 L^jLs t«4_jJLjj>JI 4 LwjJI» 

t5j£LjJI 7>\£\ 4j>.Jlx-j (jyJ-c- 'j-tSLslb tdil i^i V" H ^-j-4^>» L LL*J! 

jlji,! djVLe_a (j7 ^ 3ju 4 _l^Ij CjLc_j^/ (j-u-iletlLa ^uJlSj (J}L>. tllijj 

Lo» jJ 4 Advanced Materials 4 _aJl£UI jl^il :Jia 

4_uj-^ 4 J ^Lel 4_a JetH (_uJJ CjLljje>JI 4_cl_Lc^j ^Luj < 4_jj_ec — j sLJI 

Micro-Electrical-Mechanical jru£ cull u lc. 4 _£_LK_^j 

Nano-Electrical-Mechanical Systems (j^ia^LJIj ^Systems (MEMS) 

(J-4-cuj 4 x^jJu. (_u_4 cj! LusLLq (jVI 4_j^ jj jij (^jJI cLsjJ! I jcA . (NEMS) 

jjLlII — 4j^jLJI C^Luol I jJlII lIIIj (JL>.Ji I 4_uLj^_i 4 U~ 4 3^JjlLo CIj La jjj LLl<-u 

p coj>JI - Nanobots j? Nanorobots c^jjj 

Coating L*J}LL ^ . L^i* Antibodies SjLaII aI ^Vl 

a ^ mi^ji Lew jj ^_e ye Nanolayer cJL i_uil 4 j^jL> cjI <? iLn 

(Jjfc S L^a I Je^Tu-u I ^jTi a j I Cj \ ILilaJI lLUj lLLj i_uj £j-J Laj S L^J 4lLajLLc ^ Jl£. 

^-cuJ>Jl L^LL ^^Lcelj CjL_uJj_Ul]l L-lAJUL) 4jJjL(JI CjLj^JJjJI lLUj A uj 

4j^jL 4_e 4etJj uj (jyde 4 _u^LL £_ue>j ^j^Jo yc Lfcj-ua Ju (J^LL 

t g. ,■* . 

^yA Lylri j LajL-u-o ^ecTJIj i ^ ^ j~w yj ^u-L<-u SI If. C.U.UJ Nanochip 

jj jl&jQ . j J.LaCll.1 j-A 4 -l^-aI (Jl Ij^oll j S^etTiil £y^jwj 4-La (_uI^j^jL>JI 

. ^u-u->JI l j r A L^rwljewl 4_ua_j^ L^q L^q {yjA ^.L^IuVI Juu 4 jjjLJI CjLl£jJ,I lIUj 

^^ylc j . 4 j3 j-uu-Uj 4 1,1 4_j_LL*-II CjI ju-SLUl J CjIjI j_>JI tj^A j_u£Lll j ciJLaij 

tt jLp.^l £yA J-L& 4^J-*_U ^ JlJU L^-xal J lo ls ~>\ J Cj Luo^ Li. ' clllj 4_) a_*_c^ ^j_4J ^Uljil 

. 2025 ^LlII (Jj-J-S J->LJI {yjA jJ jVl (jl y lo" 1 1 1 ^yA 4j1^ 
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4 ^ H 4_1L>JI (j 1 l£L:u 4_<i3 

!j JI»Ll>3 LULu jl ■. V\ CsjH (_£ V 4_<jL*J! 

(jib 4 j 1 f.a j c. jj <3 4jjlZu 1 a 

CjLc. J) ^J.1 (j_c ^_lL*_s £.1jl*JI L^J-C 

1c. — l_La_U^J ^y t I 4-U3-AI 

— j_illl I 1 — j — li-j 4 — — -a 

4_jLc.^JIj c__ 4 kJL 4 3l »"U CjI 3 j i lo" ILj 

t3j.j^nill 4Jj_SJ,l djSJu^ Ju9j ♦ 4-pe-uaJ i 

(J-S_*JI (jl ^ 4 1 1 — ^JjIjlLi ^ — nil 

( 3 L?C_J . ^lLJ I ^ 4, (I ">|J I ^yj3 ^_li_4_4iJ I 

(j”^^-^ CjHc (jl 4^C_3j £JI ^jl2]| ^ Lc. 

Jl^jI Q^jLju 4 4_j_« 1_(J I (JjjJI tIL (j-c 

. £ I j *J! J-Sl JJ ^ J C. 3 1 jL»_ll 

0-* ^aj (jl III (jj — >JJ 

(^y-cljjl (^y^ ^LlLsVl CjLi^J 

jsJ — C.J *:! J_*JI ^-42 3j £ 


j >LiII I Cj =wl3 1 » 

cjLl^ ^_c ^iUI J^UUI 

3jLc.lj 4 .141 I jjJ I j J i^~>L>J. I 

l^-^II j — =eiJI u — L: I — £uup 

“liiLuolj J^l 4_u>-llijl (j <j_l4j 

« L^_lB * ' ^ t ( 1 fi 1 ^ ' 
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J. J C. 4 I Jl*J I & i I -L4> ^j-4 < 1 1 ^JLc . J . <_J j, till! 4o»J L^J I 0 LI I 

^ lc. 4_4-0>-J 4_1 _lL<_U jU| ^jjJI lL\ tio ^l_J <: '-*JI-j ^JJ) ^ ^ i ^ji (_ r Sr ^ 

♦ ^L-oJ^M 

L 4 J ^3 tJT IL!l LLCjlH! ^_a! 4 4 - 4 I I 4_u-£2_3JI 0 j_a cj^.L>- juls 1 1 j I 

(jJUb_ 4 -J 4_a J, a~ 1 1 Lx>- jJ I dJj (jl 4 _l£dL>. t aL^LaVI jjLJI I .o>-jJj_(Sa 

(j-o -l*J I ^j-4^1 4 31*1111 LLCjlHI (_Jj>. cjljj HI j cjIjjVI 

(JIL 4 i 4.C. Ij^J I ^1 Io4 ^£1 4_4 J_2t3 i-uJ, I Cj Lx>- jJ j-tSoJ I j-Jj) j_ijju :>- 

^J-u-gs L> lI 1 ^1 3jI ^i-C. L^jjJ £_ Sjj 4_tC.ljjJI 4 4 <j-\ i_uj>i_j 

£-_a?e tluJ ^JLiI JuljlU ^LHIaVI I Jl^J Ju3j . 4 3 \"i z>r 1 1 <_i j .u>Jlj 

CjVL?c_11-i 4 1 ts~t II CjI j jl 4 i<~i ^-?r~U CjI£j jJ I l j r A 4 lL 600 ^yz 

CjVLse-U ^ -LA <J 14 ^4 jLala i_uVl 4_alji*JI jl^J,! 4 j^ljjjJI 

SjirelLI CjLj^jJI (JIL 4 -JJ . 4H-4^L<_uJ (j! i_u_i V I 4ja- ts>\ 4 lo n^J. I 4 j^_j_>J! 

< 3jlo^j CiV l^e_4 3jal jJI JjjJI (jLjLxJI 4-iS-jj-ay 1 

. ^ ^ l_*_4 j 4_u I -L*J I Cj 1 5t3_Ll I £_j _ u-H5 j 4_c. I j jj I ^^y^ LlI I 1 j_>. jJ j_£a 

4 £j~uj 1000 i^yz Llll£^_ca]l ^lLA _i JlC. (jl ji Io" < I -LA 

^ 1 ^- 4 1 1 I cj^LjJI 

jjLJt Ll>*jXjj£3 

CjLlLu-HI Cjl^tlLoa (y^-Lx±s*-i {^£> 4Jil_43-l,l ^jLlII Ljjn. jJ CjI 3 j ilaj Jlju 
4 Io jjj-1 1 4 4^11 4 IuJl^JI CjI 3j 1 Io"i II ^4-AI -LvI t 1^3 4 j 4 4_ul -L*JI 

^4 43jI_4J>*J 4H4^Lj_uJ (jl L^iJ^U 4-pr 1 ^ 1 1 1 4_jLljJI ^JL^- 4 -J I j tI/l_L4 LLdLujI 

1 3 < < 1 JJ.I ^j_4j .^IjlLHI (JjL-u 4ajlj uLc. I ^-LslJtXlj 

. 4_u^_*J I 1 jll 3 lo 1 4 ^y^ l 3^jU r>i ] I 4_j_LL_uJ I UjUT (J^-5 4Km I 0 J-A ^y.L?ei3j 
J I l jyz eLu^yC. Cj Lib Lju 1 I t La jJ Hjj I jUl I 4_u I JolI I Cj I J LjlI I Cj ^ 1 
L 4-4 t4lsj_H,l 4 -l4-<-uJ I j tjj^JI Cy* <— H3Je_4 44_a^_*JI LujjlCj 

^jJI i.L > * is~> ^LjjjIj i ^j£L<-a] I ^.Ija i.^11 4_i_<-gj 4^i_pe_4 3jLj ^Jl 

. i _ r iSLIIj jaSLJIj i(jAjlj-tiaJ! j l_LLHI j 4_4^l uj ijr £ clIJ j_u L3j 

m I 0 j_A (Jj^c-43 i_uj (_Jj i4_a^_*JI 1 n 3 I^i 1 4 34 j-uzsz-h V j 4Vlj 
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i_uJI 3Lp-J I ^LojI CjL) CLl. p. t4_U^_*JI i2j L»-eILst-l 1 J 7 }-^ -il-ij-L^ 

4_u!JlC. CjI^Lc. ^l_G I j^jXJI Cr^ LJ^J -^- 3 *^-t-^L*_U (_j l i_u_)^L! Ut^J 

i 4oJ L*J I 4oj ljo>iJ I Cj Ij_*_<_uJ I Cj I j 4 ju^_*_uJ I Cj Lo. jJ 1 <J j La i _ jr ^ (JlLela 1 3j L ia 

♦ 4-«.lJuJL 1 (jj-AjJia 4 -ujlH 


(3) 


*1 jjth 

Nanofood «^jj!_l!I *1 jJJI » a t-. , ^ ^ ^1 jjr“ . nl s^_l>.V| 

CjJiIj Ju3j . 4_« jL^tlLaJsl 4_H£! il)l Cj^Jouj LuLp. 

Ju_< 2 J CjIjLlC 4_p-jL>iJ I 1 a \ c . Ij L^jLlL»_4 (^£. ^pJ! 4_ul jJlII Cj^USLU j 

Cj>m I i j^A lj_u£^ ^- 4 t(< Lp» jJ jl£a eaLu_ 2 a>) 4_La <_u1 y Cpcaal L^jla 

ciLLi ^yz-L^sz . j (jl ^Jl 4o$!juL! jlj ilj * L>H £_ja {J ^ 4 x<a <^ ■>"<!, I 4 jjLstaJI 

i5j_p-j 3 jLL 3 Ja_e 4£t iXa-uaJ,! I Jafc (^ptolal _L3 j . 1 y 4a-aL>. £^La| CjI ^eTaJ.' 

t4l^>7rUI eJJb jLju j tiu_J! 4 CjLLU elp-jJI j (J_eVI 4Jj_Le-J 

i_a j^L j_e CjLLus £j-u £- JlII 4.^11 *|jL*J! a (Jlat_e ppJI 

(jLCt^lj Jt_pJ! Jjljill (Joe 4 jl 4 _uIjlC. jlpi V 1 1 ^j4 

.4ajlje>JI L^j Ij-jli-u ^ Laical j 4 L^j 4_al JolII j-u^LulII j-^1 

i Laic. JaJa>JI ^ U^i .aa!,! Ijafc cJiajau ^^1 J e-*a <jl Jj3ll ^j-o 4 L*Jj 

4 j i Io 1 1 CjI ?r llo ^ XI ^ >-L*_4j 4 jjJlUI ^ ^-LlII psp- ( _ jr Ll CLt jJu>J!j 

j? 

j^L jl i^lul $;! JlC. (^1 (^jjLlII $;! J »JL J .aaiaj . ^Lclj i_ul ^Lj 4_p- 

1 4ip>G 4 4 Hcljja 4 4 ? U" U 4 4j>-La] 4 JL>-j_43 (^1 S 

< (i 1 1 I Jufc u->j Juaj . 4_c. j_aJ. I jj LlI I Lp- jJ j_t£a Cj 1 j 1 23 ^ I <_u la 

(Jiaa 4 4ajjla jlj c ^yz 4a^£La CjL^Ll^I ^ If- 4j^H_>J, l 4 jJlC.V! lIHj 1 (JojI 


CjV j-<-u-l£LII j t-LL^JIj 4 Ja Ja>J I £yz 5^a>JI 4ajJ_4J! ^p-aLutl] 4ajalJJI Cj Lio-lokJ 1 
Cjjaj ^yz 4aJLc. Cj lja£^a ^ lr. 4aja_>J,l 4jpLJ I a l i_u_l! Cj I j 4a_La^l_pJI 

4 L^J 4_p>l 4^>ll CjLja^aVI jl jo5j OmegB. 3 <( 3 L?t_pjVl)) <"< II lL! 1 4 < oVl 

4 Q 1 0 (( 10 I » (Jias 3 * LaSa Cj Lea ^a V I lIHj LiJ ^J-eau ^y} I 

4 lo Mj-t Ij ^ | J V L 4av LlI I 4_p» jJ J-^ai I Cj l stall I elLlj ^ JlC. J 


2.6 


jat_a 


_a 4 ^jja 
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,(2010) ^L*JI I CjL»_u_ 1.I dllj _}l jjG I £-9 ^ jl 2-^ 

4JlL«I (1 — 10) (Jj Jlj>JI ljj . ^ ^ jl -lLs 20.4 j_5e_i (J <^>~~< 1 

1 ^ 1 a f . ,4 _ajIjiJlJI CjLtcIuJsI 4_« JutIL_u_1, 1 ^jj-jLlII dljJJ 2 


I 4_uLLiil CA^LUl fjuQ iaji_J 4_LL«i :(1 - 10) <JjjL>J! 
^jUJI Lu>. 4 ]n,ui I ^_i 


iUjjUll jl all J.*j£. 4-Jl 

20j.uji 

gull ^ 


4_ijjI_L!I dll aj-oJ 1 dl 13 £^u£a 

l^Jij dJJ li j tclijLi ^la_i_oi «L>-L_u_4-i 

1 L$jLui_l>. jlliSl ^JG ^yJl 

L^jjjJLs {j <1 c be. Ldaj 1 

(J^ju 1 JJb j i 4j j-LdjJ 1 ^yz> 1 uaHa 1 

jLc dlLjjjl jj_>«jj — Laj! 

dllj . 1 — gG-o — ^-jjJl^JI 

dll J)1 1/ia JJ_U 3 jj_5cG 1I dlLjjjV! 
diijj Sjj-SJl 4 _jJLc. 3 j.,<.<i. { CV1 

1~'1 1 1 I-V. ^yQ ‘ 3 1 1 "" 4_Uj)j>. J<1 1 A 

t ^Ll^lSlllc-<-t^pJl3j3»^^^LjLl.4-l J_)L) 
£-jlj Hj i ISLlL call dll J JjJua^J 

. diljJLo^jLj 5 1] 1 (j-° 1 AjLLa^i 

di>L^-ll 

4_ul jJjl 

JuJlj>JI dll__u_L>- ^Lscj>.I J 3U^2 

Ur* A — ^>6 — u — J ! Ci^ 

L$j ^4__CUJ>JI 1 )M->- < '-'"i A 1 

. L^JLXS (J^LflUJl J 

<A ijjLj dll lu> ur-^- L$ J) ~ ' 

J)L*_iT (J—ctaj 4^>J! J jJi_>JI j Lii 

.^ILo^jLj 300 J 5t_i 1— AjLLa^l 

djLjj.jJ.1 

4_u! jl*JI 

4 j-a- <^~illj 

1 dl 2e_)Vl ^ jLuj cjj 

3j JdS ( _ r xolil JlGjlII 1 

4_i j) ) 1 / 1 1 eLGaGJI 1 " ' ' i i i ^ t d s)~\ 1 4 
4_rt4l£wOj Ljj_uSwJI (JlS 
. 4 a 1" V 1 1 jlj 1,1 i-ul u if- 

1 3j >JI 4_Ga_dJI j Lfl dll m> 

10 ^C. L^jLi_J_L>. jl J)L*_)I (J-OJ 

^ 3 ^jVl (J ~vJj dilj Ha^jL) 

jL^e."u.<.i.l. 1 «^t-t 3tl dllj^l 
diij (J^.Ju dllji^ . ^c_il liU-i 4_iJuC.Vl 
^ JlitlLcUj d 1 ,~nC. | £JUUU3d (jy ^ d 1 LlU-->J 1 

:3j 3LUj LLaJU dlljjl £^l LaJ 

dlljjlj j (jr— J ljlj c — J lj l^Vl 

dllj^ i_uJj .3juUI 

^t_La__«_u V 1 ' : n i 4_i ^_i l_j di 1 ^ 1 1*% 

4_ajL5tU tail djU-MiU 4 _lL>.!jJ! 

. 4_U 1 Jlii 1 dl l JeTuJ. 1 J JlJj_U 

4_a 1 

jl JlC.Ij 

4j JlC.V| 
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iUjjUll Jl^il J^citJi 

— — SjJ Jj3 


4jjjI_l! 1 IS-iL uJ! CjLu-l>. J-^JU 

4 » < <0 U tlilj l*J 1 4 jjJjj ^ 1<~ 

tliljatiJI J -uj tl)lj_axl jjJI ^j-a 

^liHjj L^j 3jj».jl,l 4_j_al till 

J la tllljl ill till xijj*. £- La 

tilL ^Ij xil j lx£jV1 

^a-Al <-uJ itl jIj ull 

^ ^ — Loljx^VI j — a-*-II 3jl — jj 

4 JjljJtJl till 5e3_ll {j 

. (. 3 1~ 11 j 3 J -u^l/1 ^jjQ L^IuLa^j 

4 )j_il_Lll l ^ i l . i / <i 11 till > < > r>>. 

(. 3 ilin 

4-itAj j 

tliLseiill j 

4_ul Jl*J1 

4-t-tiU {^-£i 4_a jLseTLtal 1 til 1^-a-tl 1 
. 4_ul jJlII tliLfcHillj ll jJ.1 

4_i j-i LjJ 1 ^ 1 t— <_u li ! i_3 JuStJ 

4_uilila 4 3 j 4 jJ 1 till ulSJl i j t c. 

jL*_l!L_uLi t£JLH£j 4^JLt*aJl 

t— o»l <-oll 4_al toil till Lujj-Jl 

tllLlJi^-tallj 4 a » lo VI ll tafljC 3l"l 
^jjj^SJl tilil^ ^jiLij .4_L3 jjL>1I 

^j-c. tillij — <_tua3 ^l^lLi tiJ^Li 

l O- l ls-\ 1 1 4_j j_jjlLI l ^ i 

. 1 ^ 1 1 1>~ ^LLi 4 jj-uSLi 4 V\ mi 1 1 

til 1 i-LL>. 4 4 1 JJ Lt! 1 (j JJ jSLl 1 t__< XI li 1 

4_a jjlxJI 4_3jLb 4jjjL<J1 dJ^lj QjjjSJl 

.PjLLajjli 50 j 

tiiL_uL_x>J 1 

4jjjI_LI1 


^ClLLu^s 3^Lc)j ^LjJu ^ ( ^ 5L>iI ' Jl 

4_4jLjtIi coil 4x2x3 jJ I Cj 1 j < 3~ 1 1 J j iLill ^lc ^ £ ^JjL^J! aJl3xII ll £ 

^-$-33 ^1 L^j l£jJ II uA\ -lie 3lLlJ ^jX>lj_>. (j-LxJUJ Lx2 -UX2JJ 

^yC. dll ij 4 4 j JlC V I 4_lL>. I jJI CjIj j^ 4 1 1 4jjj L il I 4 -u.lI I 4 aj t It! J)j &c. 

CjLi j^ uj ^j£*jla j 4xj jji^JVl CjLi j£! lu 4iu-L>J I JLp.^1 <-_j j-t > jj 

4 fU !j^A J . 4_U I Jl*J I 1 I J 1 1 I^y2 1 JJ*. i/\_JJUJ C 3 J 4,0 JJ t _p3 Ij C I ^yi3 4 jj jJ I 3 j U I 

tiJJij 44 jJlcVI £_j_uxxj Cj 1 j l 4 c. (jy S 3JljJl>- JjL^I ^l£ ^ 3" 1 1 l-LA ^ll Jxi£ 

lljll CjLfijjj>. c_4_t £ji 4l>-| jJI jl j — II diljj t_4_ujj ^js&xII (jjjJa (j — £- 

4_u_i L^JL>ol (_yz>jJa ^gjs>»~\ lljl 3 -Lula 4x^l_l3l ^xxslic jLlpIj 4 jjI Jl»JI 

|j_l>. 1 Cxa L j 3 jis j l I j A . L*_a 4_u I J-iJ I 4xax£j 4j Ijj*. £_ £j ^_uj l_$_4 4 a I J *J I 
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f^tUI 4 j_uu j jjI 4 jug . il 4_uLl,Vl CjI£j jJI ^j-4 3 J ».! j 

(J7 lc. LAj 1 \r\ 4 1 ^LjuI -Ljjj V 4 jj)^x. CjLu.p» ^4 CjlbLua] jlSJul <4_13 j^L>JJ 

i ! Jl>- 3j_UU-^ CjV 4JLj_A (_ T ic. (j ^£jll 1 Mil ^<UJ ljH-4 ^jl_j 30 

£-3j CjL^IHI 0_LA ^^yJI c-bLjoj i((Jbj CjL-LusLLj^ (Jiua 4_ul JlC 

3lo j LiUji^j .^IjJlJI ^lull ^alo ^u-ju ^ Jl£. j i4_xj| Jl*JI 4j4 

V ^illj t4_L3j^j>JU ^jjstlll oUllll 4 kqb>» 4lj 4 ^ 4_Lc^l 4-u-AjJI 

, ji ft 

<^_4 LAj_lC J CjL^LuS^I lIUj ^ JiitIL_uJ J . 4-pt-^O (__£ } L 4 ] jl_U JlIc. L_t_l (_uj 

jj Ju ^ j_3j C-u->> x 4_L3 still ^1 lo 4 ^jLoLjj 4 jjjLlJI ^1 j 1,1 


. 4_j I jil Cj Lu 4j>.j^ ^j_4 dJU j £ j l ^Tx-l^.I 1 4_u I Jl*J I 4 4j3l I £_3j -Uj 

4iij_3j>JJ 4 4 a 1"> J ^j-alal l^> ill (JpUaj ^Lul CjL£j il/ (^u-^Lujj 

£-A t^l a lo II jJU ^j_4 Ijl>- 4lu_^ c_< i_uj 4_t-^L>. ^Lul (_^i I 

ijr rtli! ^3_>Js I dll j 4-j J J 1 3" 1 1 ^IjjVI 4_1 £^u £ U ^jJI 4 i (I £)') jljJ.Li 1 ^ a~ 4 3 

^j_4 4jjj1oJI CjLlj_l_>iJI ^_u_ul_3_4 ^_jju-^j (j I ^^yil tiJJi . jl 1*11 

iOl^ILajjli 10 ^^Jl La j 1 to 4 1 jLsul J j^i") (jr 1 ^ (^LfclaJI ^J_4^ ^ j) II 

i^j L<-u-U ^ jLJ>JI ^-La-«-uJI ^_u_4^Lj I i_ul 4_>»l i_u_4 3 j)Ijj 

t cj Llj-l->J I ciJUGJ jJUl J}! jJ,Lj 4 i_uL_uj>.I 3jLjj ^il 4^-3JI ^J^Iju 

♦ ^ J^ r" / .i ll JcJil j-SjJ (jj-sSj ( ^yC fiAjJi ^ ic. 

* 25 -^ . «■ 

4_a JjstTn-uj I ;jiL^JI CjLx-ujv ^ * t/^T'i t4 « .1 a't *— J jJ <_uVI ^LuLjj 

^Lul (-iUjj t Ji> 1 3 LulI I J 4i3j^j>J,l oLjjJL>JI 4x. Ll/^ 

jJI cillj I £_4 jl i_uil ^ 1 ^>J-C ^_4 c_< i_ui_UJ ^ _^i->JI (j- 4 4 '- l -^L>- 


. 4 i^i l_>- 4_U I JlC ^_4 lj-3 

Lc.1 jjI L>J)JJ^ 4i3j^a_>iil 4 j JlC.VI 4-C.Ll/.^ CjI£j uj ^Jo.1 ^jVI ^3_aj 

dc_ptj t Mayonnaise I ^ ^L> ^^*11 4<^ >L ^ >! I ^ 4-^U. 

^_y2> I jj>sJLj L^Ia 1 3"i -v I 4 1 4-u-A jJI jl j Uj Cj^jjJI ^j_4 4 Lis 4_i i_ui ^ lc. 

xljafc .JIjJLIj (jji^l t^l J-3JI 4(_J^ jJI 4l t L4-"J.I t^_ujjl_4iJ 4 j J j 1 3"< 1 1 

^Ljil ^j_4 Cj I j lo 3 i j-U jj U. I ^^Jl 4^1^11 OjjJI CjI^ Io 4 Jl Jl.Cl.ljj I l \ r £. 

l_3J Lxj ill ^j-4 3 Jl>-IjJI 3j U 3 1 1 ^^Jl IjJ^jj . 4 aluj 4 3 j4j 4 3 ilo \ ^ 

j-^l jj I J A (jLs t 4 jj_iL(JI JiLjlj V I CjI3 H20 CjI ny^. CjIjLjJ_4 4 
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^yA 4 3 j4j CjLLlLlJ 3l LsJlJsI CjLujj^Jl dlij ^j_a 4 JLjL& 4 JlSC. Iq <_u CjLvL 


Lc-a tCujjJI ^j-o ^Jjal CjLui^ ^1 Jiitlu_ul ^\ ^ J 13 J JUJI 4 » j i lo i I iC-ujJI 

. 3_u 3J LUi 4 jj 1 Cj 1^-»-<-uJ I ^£ \-ua Liit_j I 

4_jjLuJ I O 3 J 3 J I (j-4 4 a 1" Tt_a £-Jjj] 3 jIl 3 Ju_a Jj I j_«_u V I Ju9j 

jl 3 _a ^j-a 4 j^j1_j CjI i_u_>. t4 <; * lo^/i ^ I 43 ^£ 4_a Jl^ 3 i_uJJ 

4 _u 333^33 I Cjllu j_>J 4 _o-jL>JI 1 .i^/l t njU~ ( jr lc 4 _^L>. 

. \-Q-us LualLa I ^-<-uj>J 1 Jj jju 4 3 j 4 j 4 j miC. L> iCjjjjJI dlld 3 J 3 _>» 3 JJ 


4-ul JUtll ^ijIt^L L ouj s iuiju jjLJt Ljjv^IjJLSG 

JLr^T i4_ul jJlII ^1 IjJJ l_3 jIajj 4!i_uu jjLlII CjI 3j 1 LaJ J ftj 

Oj?c_lII L^j djljlu 4 jjIjJlJI CjLcLu-^JI 1o4 {jt £ 4_l>. 3 J 3 _t£r<Jl CjI 

JlC ^3_La 500 j 400 (j'U La tlo 3 *>*3 c njU ~3 4j_l*j a^_jJI ^33 C-t-o» cj Jj) lo~i 1 1 3 

4_ul jJlII CjI j_l*JI CjI£j ill Jl^3_>i_ij . I dllj djLj_L3j 4_La ljj I jj 

4_u I Jl*J I Cj I J-l»J I 4 133 J La^ . LU5^ ^ 4_3 _>- 3 3 3-3] I (j\j 1 ^ ts~> I js>* !^£ £_a^>o Cj I \ 

4 _L 3 l^_a ^Je (j-gjui Sj-ulILj 1 ^ < iijX. NcUlOSCIlSOrS ^j^jLj CjI luLojcj 

4jj-Lgj Cj L-u L<-u->J I JlJU 3 1 J^3_3_>Jsl ^^1 jJlII ^llgl 1 3 oL_jJL>-I J_]l 4_IL>J! 

i^U 1x^ 3 i4_ul Jl»JI j! 3 J ,! 34 g»loVl ja^-u i_^ 3 _c 3 iCjLj 3 L>JI 3JL>. 3JI jJI c. 3 mi! 

1 ^] 43^-3 4_<a_>.Lj (— ^UJ 3 *^-;t 3 ]l Ji^Lla 1 $ l ^j-£- ^j^Lal 

^j^Lj ^syjj Ja 3 -uju ^j^Jo i^yC. ciJJ33 i^j! jJlH ^3-L!Ij 3 ! ^JUU^J 

JulC dll ^3 i4_uIjl*JI JiJju 4_ajL5tIu_iill CjL-uLt-aJt-U 4_J3^Jsl 4 j3jLlJI 3 II 

CjL_uL_u_>JI dilj 3 _j_o3j 3 . 4^33^1 3 ! 4-j3-u^_Jl 4 U <^1 dllj J 3 _>» 3 J LajLjl1uIL_uI 
JlIc. 4_33L3il 1 ^3 1 i ,,L_g^ 0^33^111 3 IjP^LlU djLa-ilAS^jJ-oJU 4 j3jLlII 

. 4-u 33 ^-lI.I 3 1 4_j3_p^_J I Cj I \ 


4_tSLdLcii^Ltl I ^jLJ! 4 h lr,t # 

4-u-A 4^13 mi CjI 3 1 I 0 33^3 Ju_a 4 _oLj_^_j£!JI CjL£j dJI ^3_u 

4j_Lc VI 3 ^3 sell! c ^ i_uj dJLa <-a]l 4_ui)l_u_a 4 j^jLj 4_j tide I 

t^y * j 1 lo 11 ^J1 eaJLeaJl 3 dLa ^j_a 4 j3_jLj c_< jjLjI 3 ! CjLl-i-uv ^yjjJu^ . 4 


219 


4b1 1. 1 4jjjLlI I CjIo^SLII dlj 0 _jj>. *4 j gljdt! 4_j i1lC.^\ lIHj ^Jdl Ju 

Jl-L<-u^I (jy- 5 ^ 3^ (j^e-Lt-g£j V I CjljLc <_Jj_cuJ £_ll 4 J Mif. Vl dJj ^L_u_« J)1c. ^ lc. 

4_jjJs3jJ| L jj_uoj £_Laj t3j j_*J! ^JJwlj Jjj>.j_ 1I ^-jLLaJI $.\ J jlI ! £jj i^SLJI 

dLL 4_j^Jij (J-4-su 4-Jl <,ol ,dl CjLlj_l_>i_I I dlj (j 1 ^Jl ^LbLCsVLj ljuk . 4_j_II 
Joja 4 Jj I jJlI I $. La I c 3l~II jl Jjj-G-II L^IljLbjj 4 3j4jJ 1 4 j Mir. Vl 
. ^ ^ 5 j_l*JI_j 4 loj j >J. I 3jl^atll 4 j Mir.Vl 4_4^lJLc 1 aajf 
a^ln m,>UI 4a^jla CiLd^p-c (jVI 4_jB ^H_a ^ J II C<Bj-II ^£ I j A 


4_3ie_) 4j-uCa 0 _l>. 4 3 j) ^lai.1 4 o* lL 3_3_>J 1 j-c J I 4 j-CjL^ ^ JiitIL 


^■Lal i_uj 4a ^c.juc, jlj_o L^Ia T tJ Lj_ 4 t 2bLUI ^<u-3 ^^yB ^l_33jlj QjjJI 

CjL£I Ij. 111 Gib (j! 4 1_La j^jJL) ^jJl>JI I Jl^J 4_c Jl3s3_4_4j-1I CjI l^adl 

Cj latliB B Lju I ( _^4i_u L3_a ^B ^datlll I ^3 j 4 Cj Ij-q-LlI I ^j-o t__J I ^B £)_« <_3J Gj 4aj_s LlI I 

1 ^^>Lal 4 4jjiB Ja i_uL^I ^j-4 4_3lie_4 4j^_sla CjL-lov ^ j-3j 0_o- 4 L^al 

4 Cj ' j- 4-LJ ' e_JI j_3J 4_j-cl (_4iXI CjI jj?ta_JI J^lia L&jLLaBl ^ ^LstHJIj 

Cj l^aaJ Cj I j_l*J I dlj jJ >. I £ 4awj LLaJ I 4_a I Jl*J I 4 ^ I Ja 3 jv o GaJ Lj _4 

. CjIj-uju (^1 1-Aj.^Io a j! L^bI Jlc (jyJ-C. !j-Uj ^jl jl Ju_4i^j (jl (jj-^ l)- 4 


^J-CSLJI Oj_LUI jj _4 4_>.jLLsJ I ~2 a^UVI ^ t-> , ,,i 4alBj • 
4 j>. j HaJ I 4_u I JolI I Cj iatHlI I ^£ dJ jj LlI I Ljj>» jJ j_x£a ^ JiidxG 

CjLjjJL>JIj 4 t jl_JVI CjI dJj^j 4 <CjIjI^ is~\ tkJIj 4^IjGJI 4^jjdJI J j_« 

4_>JL*_4 {j c. dljj 4 4_juj i_4jJI CjLo-jJI ^ II 4 bLGsVLj cj jj>JIj 

4 ^ JsjojcJsI (J^jlJLj V 4b1 3 mi 4_3_jBj 4_3_i_Lj_i 1 ^"IjU >" 1 j 4_a>-jL>i_J ! 1 ^ ]r\ <-u I 

4_ju_uIj Cj 1 j < a~t 1 1 Ja>-I 4 j < 3" II 0 J_£> Jauj . Cj I^ILd jj la 5 1 ^ < <1 

CjI j^B ^JLLsIj 4j>-jl_Li]l 4 <; » loVl ; lo 3 ~v- ^lja^3 <_uVlj i Io" II 

4jjjLlJ1 CjI 3 1 lo II ♦ 3 j-ulII jGB Jaa 4 ^jjG c -‘-H (jr^ 4 I 

CjIjUlJI c_jj i_uj 4 4_al jJlII CjUG-UIj 4 <; » lo^U 4 _jj>-jL>JI ^_La i_u^U 4 31*11 

jJ^sIjjlIIj 4_^jlLsVI j j la ^JlC. q. 4 tJnj dJjJ 44 4 * lo^M uj ^^Jl 

jl_4_4iB ^^yJI Ldl-i i^bJj ^Ullj 4 Cj Lc. L*-C ^ I j 4ajiojJI 4 4_Ljlj_>i_1 I 4oj>-jL>JI 

. 4a^Jj jf $il JolII 
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4j^jLj jI jI ^-i-alic. L^j ^£Li i3 j uu^>U 4 _lsI^JI cjL^-lL^JI j xiijj 

(JjLu Jl 1 c. l^liljl ajJj IjJ i^jL-ujVI £-A Lj^j_>. 4 _ 3 ^I^ILc i 4 _aL_u j-a£- 4 J_aT 

jJlLc 1 4 3j4jJ I Cj 1 3 il"i I 1 dill 4_j I 4 j^j IjJ I Cj Li_j_l_>J I Juu j . I Jl*J I ^ 111 I 

Ju^lj ,Tl0 2 ^ ^-U Lull I Jlu.u^’I (J-^° CjjjJd! Jlu_uI£1 * jj 4 3 1 1 

^J3 Lai Jl J fc-u-o 1^ i-C^-Lt-u 1 _}|^J,I ^_A ;CuO (juiLse-J! ZllO 

CjLj jJJJ < JT lc. L$jjJl3j Ju u,KVI lJUIj CjLl-ujv j-ujuj . (JLseJJ 1 JlA 


ijr ic. ^IjIj Ju3 CjLsjj^jII j dOj 4_^j L3_aj i Lp^wJI j 4jj_J3jlII j U 

3jLLlVI . dii>J| cjI^Is 4_xjIjl*JI cjLfclia 1! 4_jj>-jL>JI ^_La_<_uVl 

jiajjli 100 ^_yC. La j 1 ]n 4 I jLjuI i^JlaIu V (j^Jl 4 is\ 3 1 1 jX$ CjLu-Uv £)l ^ II 

jl Jlc! i 3f.l xJallJ dJij i^yjLu^JI (J c Lilli lj7 ^ Sjud 4_a1j l_i ^J_U 

I L^J J_>U JlC. 1 <-uJ L^_4 4 4-0* J Lid I L^J Lt-UJV i _u I ^ ic, 3j-»«J I L^J I J J 

. Cj L> jjdd, I j L^-uSLuU cilliJ I 3juJu lu 44j4 < nil 4_lILc 4 i>>4 CjLjjjI 


4 ^y; . dM-J i i jj _4 3 -lj_^v ^i^ji • 

Lid is~\ a LsLiIaI 4_uIjJlII CjIjjjlII ^lljl (j7 ^ 4 is~\ ts~\ V" 1 1 CjI£j_LuJ I 

j^iuu t U3-v (J7 ^ <LqlXs^j i_uJ,l 4u£Lu i_u^LJI jaj I j-UI L^jLtcIIq 

3 j_i! I 4 (_u_3J j JlII I {^y. lc, y) ^SL lI 4 4_ilHtJ, I 4 oj I JljlI I I j) Mil I j 4 4»Io V I 

j_jj | j_ij I tills ^ j 333 j . I 4 » < 4^il I ' U^j 4iUll I 4 j^LuaJ I j 

jJjl JuJI l_o T 4 _Llj_>J I ^ JlC. jlllJI j-4_4i£LLI L^_Jsj»aj ^ JlAJ 4_j£Lu (_u^L_JI 

IbLjJdLj iiLu (.u^LlII 3jl_43 4 jj1j ^33 4 < S Jl^J I I JlA J)j3*>0 (J^>-l iyaj .^Jilll jl 

^Ir. ^jilllj 3jill L^fcJ-4J I JlAj 4 l_4_JI ^Jl 4^>1 4^>II ^yA 4jjjU Cj Ll-l.uvj ujjljj 

^JjIj-xoJLj dal 33^ VI 4 4_i£Lp (-oV-dl l^-il I ‘illj ^-ujj .44_^L^jJI ^jjljUl 

i _ r lc. Lx_4 4 dill 4 I ^^jjitll I J^l iIlaa jl III I (JjJ ( j-a 1 ^13» I ^ 

18^16 ^yA ^jljlj JJll 4 C iij (jji i^yA UiL (Jjlj_4_4jJl ^Lij 3jLj 


jj LJ I JjLuj L_u_>> • 

4^4J 3^ Li£j L^ijiajj iIL*l JjI <_uj 3 JlC jjLlII Lj_>- jJ j_£u 

^jLi 43jjj>JI ^JujuQ 4^)-43l $;ljii ^jLo-Jaj 44 4»1^>VI diia-j 4j_uu <J! 

4j^_o^ CjI luLu> c 3jIo ^ 3 j^jjJa i jyC. i_SJl^JI I JlA ^ j 3 j >o ^UJJ .CjIjjJJ. 1 (j. 
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4_i_>- L^Js I jJt I j-kl I ij>-£- JoS jJ lj £_Jj_<_uJ I c a j£U jJ- 4 -JU ^j?e_>J I 4 j^j Lj 

^LujI (JL^e_a 3 (jj i^i is^i V" 1, 1 Q^o-luJI^ »Lai.»JI i_3Jl$jj . CjLjjJ_d t\ J, *JI 

Lu_uL_ul Lj ^k<3 (j^SuJ Cjl <_uL_u_>J I &JJt> J 4 L^jUfcJJ_4J 4 jJlC VI ^U$J>OJ 

4u_>.VLj^ Jua (^£jL*JI / .ill ^jlo" i_uj (Jlt-pej 4_ul Jl*JI CjI ^_l*JI 

^yk. 1^-Lu 4 _jjlj_lL> j jlC. CjIjuju [£\ Ju-ojj l_£j 3 J j_ll 4 jjIjulJI 3jI 11 

{jr £i j-utT(JI 4 lo^VLa J^jj-k (j-^- 'kUlij L iSj 4ojL-£3] 4_3c_uj ^1 *_LaJ! 

. 4_I L>J I o JJt — jJ LH I (J- u -toj ^^yk — I (jjk j. ^ lo j j\J I (j_u L_uj>J I J 

4Lclj^ll f LL^ ^jLJI 3^53 

4_ulIjJJ I Cj Ljj L^_tSLJ I • 

Juvl 4 u^. IjjJ I CjkVI 4 cjlJLa 4 _« Jl^cH i_u_ll CjI Juki Cu^-u-^ 1 

Cjj_3c_jJI CjTujI (jl Jl*j tiJ !3j t 3j_p-Vl 4 jjVI ^^y^ (Jjutl! 3 julLI £- -uJ^»l J-I.I 

Lkjlulj i^jl j I j (jl <_ujVI 4u*^u 3 ^k 3jl />»II I ^jIj^uLj CjL i_ulj jJI j 

(^Jl ^J-UOJ Cl I Juul. I CJLij ^yA 4_kt_C> Cllu_k ^JLjlII ^JlitlLcaJJ . 4 -Li-lU 3^-4 jJJ 

J-u-j>L>JJj 4_j^Hll Cj jIj ^^yJI (^jJj k_4 t Ljj_< uj ^uk 2.5 J^s_i 

. (j I ^_}J>J lj (j L_4 jJ V I I ClVL>- l_-<-<-uJ ^I-3jj I (2>£- j-3 i_aJJ i 4_lC. IjjJ I 

(_^JI 4_>jJlil J lxlC Cj 1 J 1 <; r. ^^y^ j! (^J 4_«Jj?tJ call oU! C__<_ l (_UJJ I 

Jl3_u ^ylll 44 _jjJJLj 3jj ^J.1 CjI Jl_j_l1I 4_jJLc Lj i_aj ^LiXI lIUj 

lLU3 (j7 ^ 4_jj <_ulu3 4 1 ^ 11 Vn C-4 -l>. 4_jj*jJI 4_jJl 3 i_uJI CjI 3 il^ill ^yJI L^J^Lk 

. L^jI 3 4_i£j_>JI ^LjJ. 1 I jl 4 _i£jj>JI ^LjJ. 1 (j - 4 4_uj_3JI CjI 3 ilo II ^Jl 
Cj Ljj Li_jkJ I Cj Llj-u>. J 1 ^^y^ (JjljU Lj jj LlI I 1_j_>- j-i^J Cj L>- Ji Jiij 

4_jjlIj^JI CjkVIj Cj L j^ Urtllj Cj lj_juj I 4_5t^L£k 4 -^ Jl^-14,42 I 4_jjl IjJJI 

^LLjjLj CjI i_j_u>J I dij ^_u4Jj^ . lJI j oLjI_l1II j 4 i^jJ I < < j ts~n ^ "II 

Cj L-UlkJ I L^j3 I Jl 3 cIu_ 4 J I Ju-ju ^3 ^^yJJU Li_4 4 1 £-*■ Ip (_U 1 4uv L- 4 J -43 4_4_l£ 

.4_pjuXI 4 -lLuJ I jIjVI (JjJ- 33 ^yjluJLjj 4 L^-us 4 us Jutu-cu-I, I 
^IjjI ^I—jjLi 4_iC.ljjJI CjIujL^ukLI 4 5tull,l CjL£j CJI ^j-3jj 

x Jl 

4j2.1_Luj ^ Jiitj-4-uJ C-4-p> ju-cjjLj 1 00 (j-C. U>J 1 k 4 T (J-3 j 4 4jjj1_LJI CjLlj_i_>J I 

CjLjI-uJI 4j Jjljj 4ujuil Ju_^__4_u3j 4_ujLkJ I 4 ujLj_^j£LII Cjluktj i_uJ.lj I 
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UHt AAlt ^*21$ £dUt 

4 j *Lus L>X I 4 _l 1 LjX I Cj L_o Lu-uJ I £_4 Lj uj L443 4 x ii ii'i . 4 _lC. I jjJ I 

(JLj ^-4 {^£> 4-4 jLisTu-aX I 4 to <j XI 4 jjjL_LII Cj L t-t-oJ I 4 -Lulj ^sts t?L>uVl I Jls . 4l_uXl 
i CJ I I {jjQ 0j-L3LJ^ (JX>X JU 4_l£.!jjJ! 4_JjIlJI (■ JL-L4 -<.u3 

Jilc. 3 ! jii4 mi 1 I 4_* tii 1 Jia 4_o*jL>. jjJ JlIc 1 3 .1433 

Cj Ll-u_>X I l_^_t_4 <jlL53 cCj ^ 3 oao^X I iill3 (JJ_>u JlJLc.^ . ^ 3I3 Xt2_ i_u 3 ] L^-uo^ju 

* ^ J3X ^ ^ S" m ijr £ L&33JU ^ 3 3 ~X L^J _>- 1 Ja 343^*3X1 4 jjjLlII 

t^J.1 JUJ.I Ijui 3 j j LsL^I dJJj-i jjlijl o 

CjV 3-.-a.t5iI I ^j.4 T^I^L 4 _lC I J 3 X I Cj Ljj l_4_t^X I Cj l^j-tlu ^ j_3j Ca> 

4_ul_L4_j£Xl jl 3H CjLt_J_l_>- C-J ^_4-au3 L^l i_u_4 jl to 4 I ^LjuI (^^3 ^XfcaJl 

tdi I3 ti_>J (3 4_lC I jjXl CjLb^LI 4_43l_3i,l Cj Ll-uj>X I 3! tCjLuJ I3 4 j jJlXI 

4_tLa2J CjLu-U 4_jl_4->X I3 4j jJuJI 3_£ 3J 1 - 4-4 t 4_J3_aa^e_43 4 _ou3jJl4 4_J_l4J CjVjUt- 4 -i 

^3.333 I j A . 4_4ju?fc5 aail 4_U L.-4-t^X 1 4I 3XI 4_L4^ 4 4X 4 

L^jJl c_al .>1 4 4_uLj_4_j^ 4I 3-4 3 Jua-aul j3_4 l_3J L3j 4j3jLj CjLu-lv. ^ Lai Li CjI^j-ouJI 
L-3J LatX I CjV 3 -aa-t^LH (-fXlj (JX-I 4 L *-4 [g'u t»3 ^53 Ca_pe_J CjL^Vl 4 ^t^L£w 4 Cj1Jl_U_4 

. Jl>- I 3 Ca^3 (jr £s 5^3313^^-4 53\33jIo3 4 1 4Lj ^ 3^3 1 g\* l_4_4 t l_A3^4 


4 _tC I33J I L>i- 4 - U |>1i W < nil ^3X1 • 

1 Jl3^ 4_ul I 33X 1 Jj i^oUJJ (^J ^ 4 4_*_uXl 4-i-A jl 33 H ^3 Io II (^Ji-4 -J 
3 JlJ J til (^XsLtXl %50 ^J1 (J .«Q 1 t L^J-4 j-L-t^ 43 > 3_5C_i3j (^aJ 1 ^1 J 4 1 J 

^JLiiL) 4335X1 4 j>. 3I4 4 _l aai ^L 33 jl 4 -Lc. L>i_4 idjlj >X 1 

^ 33 1 1 3 jLill La>- 3J 3-^3 4L4IC. (j 3 . I4I33 .^1 (3a=>l cists 1 

J-4-*3 3jsjj9 4_3j3_L> I33 ^5ul Clo- 4_1^ till I aJJt (Jj>J 3j^5L_4 ^ .^3 

L^il-J3^ (J J _»_4 ^4 — 5 L?t 3 J I3 4J35XI ^1 4I3XI ( 3 ^ taJ X (j 3 ^j 3 -^3 (^, 1 ^. 

Jo43ju 3 . 5^-4-^ _Lv (_^J1 Lal)3_ie33 CjVj_»_4 (j5^j3t&3 (Jj>»1 5>4 (^ 3^X2 atXl 

. 4 I » .-O 1 1 4.43X1 ^ J 3 -J aLl 31! Ca-X 333XI (j JlJI _4 t. 3 jIo 33 ^ lr. 4.333X2X1 ^ J A 

(j-4 (33^5.3 (^XXl t4 »j 1 to 11 343^3X1 4333XXI (34l-»Xl Js>- I Cltj^j^Xl J *33 

c___<_t^ 3 _ 5 X 1 ^_ 4 -au 3 . 5 ^?t T 3 - 4 ^J ^ 1 J ^43^3X^13 (33^_ji-u_tX 1 (^y-A 3_u2 l_Lc. 4 j^ 1 j 
4l-*_)Vl 4j3_)Li Cj 1 3^6.43 4 3 j 44 ^1 i_u_4 (3-4 <— 4J3XI t(3jL*Xl Iji^J 3^0^02 auVl 
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J* . * 

C-JLi3 i_ul jli3 I JJ ) 4_4J^J>- c h 1 ^ 1 ) ^JjLju 1 4-> j i_uJI 4 'i (j ! 

t4_tC.ljjJI ^J-u^L>JJj CjI jLuJI (Jbt_4 L^jLlLs^j j 4 4 -u-^L>J! 

(^^Jl 4>Lj_4 ^yA \ jjl £ bj > 4_jjHll Cj Llj_i_>iJ I Clb £_ l1> ^3 C-ljjv 

CjV Jut_ 4 _s 1 ^ ~v- b dll Juu 33 1 ‘4_ual <_oXI L$J^l_ui> 4_4 JlJ^3 i_u_U 

. 4_i£. IjijJ I !j V 1 j 4 j 1 4 f. 4_<3 1 Sj-uj I ^3 4 43Ljlaj 
J3-433 4 3_i JuC_4 Llj_4 £j—> o 4>JaJ> ^jJI 4_3_jj_L> 3 La ^ II ^LCsVLj 

4>Jufc £yA Nj 3 A tl £_ 4 <L4ju5fc3 i_u_l 1 ^ jJ I 4?L_4 CjL_4^ J 3 *^3 

j3_3_><J 1 CaJ I l_$_)l_b 4 4_JjHll J >.lj ^Jl t_jj (_uH]l jl ^_be_i3JI 4j?e_pj CjLl^SUI 

•.ajLui UjX\ 


* c '-^ Ijj-I I bt^ll j_ 4-> — 

. 4_jjlJI 4 j jJu 4-4 jbr3 «.ill 3j^4_<-uVI 3$. - 

. I 4_^>-Lul (J7 ^ s^Lj — 

.(Jj^laJI ^jJJ (jj. lc 1 ^3jf. JJJ 4-Jj3Lll 3_}jJ>- iJ — 

.4_iC.lj^JI 4_ijIcIL 3jj^>.ji,l 4 j » j tloll 4_u! _L*J I j_uol_L»J I (jljiik ^Jjl33 — 


Lj LL p-J I k_4_ujJ 3 jLcJ # 

l_^k 4Molecular Biology u nj^>JI ^Lp/VI ^k. »Ulf. ^ 

I_$_u3j3 3 jLcI 4 Jjbe_4 j 4 4_ul I j 4 _uL_lII CjI Lj_>J I 4 <4j^ll 4 I jL>J, 

CjLjLuJI ^ II 3^Jl*ILo j >. 4^1_ual ^_uj J II J) . / II tjr Lc I ^Icl j 4^1 1 

j . 4 _ul jJlI! Cj belli,! 4-C l_Lua J! 5 C .4 4_a jL 5 t 3 c_uJL I CjI s! ^_ jj>J ! j 

i^yA j-y&j ^ j L> x^2lj I c l_4jb Cxjb l-^jk 3 jI >J! cjVjL>J,I cJJj ^ c^JI 

l_^_4 bdl I j J-jbJ! Lj_>- jJ J- t^J .4 I J 4 _l 131II 4j)j3llj CjLl3jlI! 

CoL 4j^j 3JuJl>- CjI j_l3jj CjI 3JlC Cjj^I^j 44 j^j_>J I k>> jJ jlSCiil 4 

jjllll <c* jwLl jub .j^ljJ! ^-I] ^>L>-Vl cJ 13 4 L^ 

CjLLlIII CjLljjv. ^_4 J- 4 UIU 4_uoL>i_II 3JlJJl^J! CjI J^VI J CjLlllII ^j-4 4_C J-4J5C-4 
cbLtl VI j CjI u-l->J I c 3 jIojj JM->. q 4dJ3jL$je_< cMl]| j CjI il^_jj>J! jl 


( 7 ) 

1_4 4_jJj>- ^Jl J>! jX\ CjI_Lj_>J I ^ J_3j ( 


_jVj UL&1\ dlji^j 4 j^jLlII 


( 8 ) 


Viral Vectors cj}kL& cjL_ujj_bJI ^1 jbeiuul ^ Vju 43 


-CjL_4 5 


a JJ-^ 
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4_ui^ 3_}ljj ^1 4 _j_uj>. dj^UsL^ 4 jj_) 1_L]I jl^XI ^IditU-ul i^gS\ Shy 

4_>-Lj 1 ^J] 4^LJaVLi dJ J3j il_j^L>JI ^1 4Jj3 ill 4 _JLl^_j£L1I jIj II jl 

CjV J- t-g-iSL! I ^yC tL>* 4_lC ^Ij^Vl ^<UJ ^g jJI i^£jJ_(JI 4^-11 (jyXc- 3j.Ioj < nil 

. CjLuJI <■ 2? °> l_3 Jl^UuiXI (J->-l-i 

(Jj lu 3 UJ. I cj c j Oj l_i_l I LjuJ I jj L<J I Lp- jJ o.^- 13 I j hy 

4_j_>- L ul (j <; da i (^JJ! j-3c_l!I ^yic. 1 ^ m 5^1 f.j J 5 j^.lj)jJI 

djL*_-aL>JI C^>»ljl t JliUI (J_lj uj (jjXjlS . L$_l£ t_jj^L^J,l CjI a t<~i II xj 


4_t-^L>J1 CjI £) is^tW } t> <-aJ>U (j7 h \ £ U ~>» Ll ^L>0 £yC. jLj i_uJI Juijlj 

lLdLlJu i_ulj Io"i ^^yJI 4 _j_al^JI Cjljt_jVl dllj 4JL-0I j_4 C-dlc. 1 U£ . jjVl J 

. ^ ^ l_^J^ 4 -Lt.uJ I j! c. L^kiljj ^3 (j I 4 -Lc £jj_J 


4 -ljUI ^Lo»Sn d-ujJj ^ySL*.ujJl £JjjSLlu¥ i JL>fc 4 
BjLubJ ! L_uIl^_Lai! ^j_4 ^IjXI ^L_4_4 .j.-'li l >d • 

4_ulXI CjLjLJJI j! jL>JJ j tdJL^-i-tjVl <-«lj 4_uU,l $;Lo*Vl 4_ujJ Jlaj 

Juj .^j>.VI Juu {jyz LaLc jl -ij-J I CjLcjj Jill £yA 

4_uLXI silajwVlj dJL$ i_o^U ^^yi^LlI ^j-o % 20 j-5e_i jjl ^]\ CjIj jjdJJI 

. 4_^_<a <_u_I! ^jl^Jsl (JT ^ L^ILu^j CJcj J ^ 4_jjL^3JI J^Ij i_u^Li 4_>> jj. V\ 1 1 

^yil 1 i t <i < ^ x^u . I 4j^_5c_lII 4jJlc^M (jyXc ( JLL 2 JI 3jLjj , - u -j (j I 

CjIj-JiJXI OJJt ^_CjJ! (jr^J • 4_« jl_3Jl J^jMijl CjI j-Lt-uJI ^£s %7 0 tjyz 

4 i^i i^i V"<1 I dilj ^JLc j 1 4-t^-^-<-uJ I ^jlj-^l {_y 3 j-^tSLII ^Jlj 1 4_jLjt_iiuJk I 

j^LII CjjJjJI 3_iLjjj tjyz lj_« V I (jy Jif?3 i^LujjJI 4_ujJ (jr £i 

j_^^l jjjJI L^J j_<_u j-iLtJI Lp^ jJS^j (j I (j LlI I jJJLjuj . L^_aLo3 

. Cj 3±U Ij l^_4^ I ^yc 4_jJ L>.j 4_Ja I 4-i£L<a-L-u l^_« j_i_9 jj ^^yb 

jlj_ll ^y£ 4 ts^i i^i V< 1 1 Jdl£j jJI ^Jl>.I Cj l^_J3e_4 ^7$ (j^IL>>LJI 

IhP"^ 4 £j-cuJI L^Usdul ^1 4_iJ L l^-^LI I j! jJ.1 I j L Jo> I ^2* oIjjU-j^JIj 

Cj Li_uj>- l jyCi j 1 7}* 1 1 I JlA (j . 4-tSU-i-uJ I l^_l I ^ Lua c >? j lo n ^y£ ^ jL5tU_JlI 

l_Aj 1 Io4 1 ^ Lju I JlaU V ^J] I Lcl ^ jj lUl] I y is\ \c. dlj Li i_u j Cj 4jjj 13 

Shy . 4-t£Lxa-<-uJ I l jS>\ JJ>-Vl ^^yjl 4_UJL>3 Ly (_u_U L^JsLidsI ^Ju Ij3-4 J->I3 40 
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-L9 6jju£ i_ul 4 j>. 1 i_u_o ^yc I 4 ] U_j CjLlj-lj>J1 lLUj £j I LuJI Oj I tH» T 

jj I J L$J J) ji, I Cj LL_u J_*U I ^yC 4_J^_0_<_aJ I IjJ, I 0 \-LA C^SJ>0 

ulJ 1 _La (j L j-I I I ! ♦ £j Ij-l 1 0 Llq-J c_J I j_o-<J ^^UUJ jl I L-t-u-uJ I Juu 

liJLo 1 _U VI ^y^j-SU ^ JlC. ^j _0 JlSQ]| J ^IuJJ 4 Kl (j - 4 J) 


(11) 


4-t£Lo.<-uJ I £-jjjJ,l ^Llq-i «Lo I Jiitlu_u I 


*!>>• Cy* jLh-^ 


f (^V 4-C. j^ T t-cui, I 


4cjj-lL_aXI dl Lo-t.u V I p _■ T j|>» ^ ^.ti ^L4J • 

4_l^L>JI <_JjLfclI! ^y4 .jL^ILlVl 4_l^Jj_0 VI 4^.lj^JI 3jljj (jVl 

l 4-C j i^Tu-ui. I ciJLo luV I tjyCt 4_^ir i'^i 4_j_o£' c. 1 lo < 1 1 £_ i_ulj o|^_».Ij 

o >JI 4 J 1 2n j 4 -Uj-uaJI J3 ^£> CjLv^J. 1 ^1 Ji^tH i_u1 £yC. tiJ J 

iCjV ^-<-u-t£~ 4J2jj_L2.il 0 Jufc V . CjV j i_u-t£~ LuJs I ^jjjJI 

^Ljsl fU 4^1 jJJL) ^UkJI ^JjjJl ^y2x 0J>JI tjyQ 3j-j jU2l£ 4_Lsj, CjLj LjJU 

<Jj>.|_} ^Lflill CjV J i_u_l£^ Jj-^C-OJJ . 4^.jjJ,1 4>l_U3 ^^yil CjV j t-U-l£Lll CJJj 

5 -* 

J_J 1-aSo ^JLc. ^J-O-JLJ 4_U 3 i«Q ,_3 Ji3 Cj l_>- jJ, J U I (J^3 *J 4 4_C.J3_I, I 0 I j_o 

1 1 ^l's.l J Jijj^-^XI ^j)jjj| o ^>JI c_J 3 _<_uj ^^yJI 1-4-4 t C jV j-cu-iSL! I 

♦ 4-uol ol l£JLo-<-uVI (juu 
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1 1 


i 4-lLuJ ! Cj j I I ^ Io» a (j I I 

£_2j t Lj j-coTl! 1 j 4_j_4_<_u ji, I <— I j_*J ! 
^•jL>- £_2 j ^ ILlILj 4 4 > j i lo 11 (J *_<u 

<4 <i£L>oj ^jl i_uj^l 3j_La_j ljj JjLLaj 

J£LM1 (_£Jo-j Jlju ((^oajJI Cj^IjJI)) 

Luj-C. .jjLcuVI 1 ^ < is~> ^aJI 4 -lLllH 

4_«^jIj3 4juu1\ 4 jL^o- jJ <^>"n £j I 

(jjJiJI (jl i_uj] ^ jJI CjI j Jl^cHII 

< <1 3 J t (JjUJI 


^-- L g O - 


4lu Jo-J I Cj Lo- I j CjI j I lilt 1 1 

. l_^J_>J 4 — jJoe_« J-t — i_u jloejl Lj -* — ljj 

^ ^JoJ 4_pt_p ljlu_u I 4 _j j » i^> ^jTuaTuj 

^y_Lj_ij l l_L2_jljjl!l ^y-3 3jL>. ^.LC. 4_LUJ 

4K! tfu.^ — 5 jo- 1 jJl 4 -lLll! 1 4i^ call (j-U 

Oj-l^s>- < . < » x^aj ^ Ua £.I^$JI CjjJj 

jl 1 ^ jlr. 4 — ajjCJ,! 4 — -aij-dJI — coll 


4 _uJt_JI ^ jLuJI cjj ^lsi» 

(jy JLc Cjj — jj LT lII 4 — jjlajJUj 


4 j^jUI jIj U ^Ijl^c i_uL) 

Lo. jJ jjfo (jylc 4 -lLlI I 3 V 1 J 

1 J. j X a LseCdIj l_u_u_>o t JJ Ltl 1 

<5 LI I 4 a^^La ^ jj <-u_a (JJ 3 

«j_ ? -ajVl ^ ' jJCu-u MI 4^cJL*Jt,l 

L-iJji I 
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yc J,'?. * a j-4 j-A 4 JLuJ I y* (J I i-iJ j Jlj Lofc 0^3 • I ^ j JJ, I 

L 4 I 0 ^_jj>. ciL 1 Juj 4 _l 3 4.C. jJll I Cj Ij3 JJ» 1 j (J_« I j_*J I yc ^se-us Jb JlC ( 


jj-ol y>* ciUiij 4 3jj) to *>J I 4_iJL 4_1 L*_u_4 CjjJuJI *J £_4 1 ^ i 

^j-4 4 _jj tliJ jl ^LjlLs £>-° 41^Lj La I jl La ijJljjl C. 5j>^j?e_U ^jl i_uj^l 

. V Lj jJ_4 f.\ J_& ( yC 4 a r'ii r, 1 Mj J I 

4 J 4?J 1 L" 1 1 Cj j 5t_J I CJ Lvjjjt-4 L_1 1 HSU I ^j_4 (J 4.0 4?! I 1 J & ^ySjjLA (_uJ J 

3JlC. ^ II Cj_}| ^_^IcIIj 4-u^m 4 LJuLlI CjI jJ i_uJI J>L>- C_<_4-i ^ nil 

4_jJL>l] ! L^jI ilaj j jjLJI L (JLt-c-i J^LTo 3jlc.Ij 4jjI£[ILjI <Jj L>- 

4 4 I I i-iLI i 4_jjHJ 1^ 9 . LI, I yQ 4-lL-lI I Cj Ij ^JJ, I 4_>J L*_4 4 j 1 1 ri" < n 1 1^ 

. ^ L r‘- L: *- i 3 1 4 ? /.o~j 


^uu3\ 

I (jj^c-3 t^JLJI (J^L ( jr cL_uaJI ^1 lo a 1 1 4_ul ^- cujlII SjLjJI cjj! 

(j-uljJijl Jl_u2_lj 1 y>-.\j3ay ( JiuJ\ jJI I $_l 9 J_42j Clt-p>- i4_pal_Lll (Jj J IL 

4 m 4 lo a j-lC 3jLj ^Jl 4 4-Ll-lI I 4_jL^c_j 4-SJjuJ,I 4-4 jl x^aJI 4 _lc 1 n.oll 

4 I^^JI L_) ^llu • (jl I i ^ j ^ jTa-uu ^Hl I 4 _LuJ I 4-lcI Il^JI CjI a \ tt II j-u2>\-lC. 

4_L>*_iT ^j _4 4_La^tJ La ^Jl 4 ^LJoVL I JJt 4 4_al i_oj| 4 _uL_ 4 _j^JI 3^Jt_j^l ^j -4 ^1 3 - 1 I-J 

4_lcLj-£2JI CjLJl^jlJ ! j (jL-ujV I 4_La ifujl l yC. 4_>uL 4 47j 4 J CjL_j_o-j ^jl y . j 

L-tSL^-JJ ♦ ^JLlII ^ £ 4-lC.I lc<aJI jLLUl ^ y i_4j_ 4 (jr Lc ( -^I-l4j ‘ ^ J <L 

t^JLJI j^eJil ( < _£^j>JI J) J I olj^UI 

.^jiLII jm < «^ l Jjf • 

4 ^ 3 _uajjiLI I 4 U3J L>J I (JlLo 4 L_aHJ I Cj I^^LJ I Cj I 3 j ^ Lie • 

.edj^JI j 4^oLl^jJI 

. 4_u I Cj L^ji I ® 

. ^ ^ (3’^^3yLuJ I J— Lt_u Lf> I # 

. y jJ I 4 ^_j 1 loll I 4 juj_<_u 4jj) 4^1 » 1 1 J I jJ, I Cj L£^_4 • 

♦ d t j ^- i SLi I l}, 1 < <<^T ^L ® 
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JljJ j 3 ijl iilj ^_5c_ii]lj i^Jj^Liil d jj oLW (Jils-i d< £>- 

diljLc. j jl ts^i a £jjA 4jUJ ^£1 95 {yA y & I t4_u^_^£LII ^ j_3JI dll jJjJ, 4 4 LL 2 JI 

.^^_>JI ^I^JLi jjjJLuJ I juuu L^I 

4^_}J! ^Jl_*Jl 0 miJ ^jJI Cr jl5L < -Jl J- 4 -til dl^Jutl 4 rtj-Tr U dlljLjjJl £-A$ 
4JjL_uJI 1 4 1 1 /^i 1 1 0 IS 5 UI djLui^ ^ajyl 1 Oj, j 3 3 1 1 j 4_j-ol_Ll1 (jljiljJI ijr 4 4 _^dL>- 
: (j. yJt 4 3 lit 3e^a <__i L_<_u I ^j?e_o I j 4_u LX I 4a-uJ I di jIj I 4jj LiJ I j 

♦ ^ t^i II i— 4^. ts~\ 1 1 o\-LA ® 

♦ (^£jj)3 ->.Vl J^JI ^IjJtlLcul • 

. aa-fl-LH 1 — iK « (i ilj t_ij_x_aJ • 

.4_tc.lj)jJI dll J luII j 3jua-<-uVI <_ 4 j_<-sd ® 

. 4_tc. LcuaJ I di Lilifc-1 1 L^yjus • 
dVuai jj-jj j 4-u-uJ I dijjUsI 4 Iljlj 4Tt-uJ I 4 jL^>- <Jl _Ljuj 

3 J uj IjJaj dU3j t 1j_u£ LoLCl^I jjLlII Lo* jJ jJS^J L^_jJ (jPil 4 j3j 1 Lallll 

(jl ^JV.jJ.1 l ^yA J . I^j4 i ygj UU (^^Itil 4-U-uJ I I— 4jj-laJI J <jl i.uj'VI 4jfc_t-£3 (j-\J (-Lajljlijl 

y>- ( j r Lc 4 Uj^tl j ^SLstltil 4 3 I 1. 1 4jljl_^aj 4j <33 II (jL_u_s^M 3jJd 

4 4 !^ iT J 4 j^jLj 4 1 j-fl jl£JLil ^1 <4 _lL>J jJI L^ILujj L^jIjJu <— cC^LUll j 3_iH. I 

: 4_jJillII jjUJJ yA 41lJ I 4jLc^ ^Jl 4 _Hjl 4 dil 4 I<jJl». 

jIjlc 4-u-lj J I dll j$1\\ diL^I^J (j) « 4Tu_J I l_ 3 j lo n • 

♦ 4 & \ lint | | ^ / / a 1 1 

diljjlil 4 JIjI ^ 3 LJU. (_ui,l 4^1^i iVI j ^^JsaJI CUjJl>Jj j j^ioj • 

. l^ILdlj-cj 

. 4-u-u ^J^Lcu^a (^1 yA 4 jl 1 (ill 4 jL^j>JI £ Jl^j 4lud>. J_i_a 4 lo J jl^Iul # 
(jr Lc (J j)^^-\l 4_^_p-jj 4 JIjl£ Ls ^_i Jl23j 4-oJl2Iu3 4jjjLj 4 1 yc ^1 jj] • 

» 4-fljia-<JI 4^LLaJI 


<>Ldt^ "tit ^jLJY 


t( jL_u_)^U 4 _*JLl 4 -L^-AI l yjA $. LI, I 4 JIL 4 -I i -4 ^ £yC. 

j-±a Ju ^Jl 34 (j-I 4 a j 1 j 4 _Lo T jjl a ^4 jj?cJtJI 

\ JJb lo < (I L 4 K 3l_p*J! y±A JiJ ^yJI 1—4 J_<_o l_ 4 _ll^ 4^1 (_ujVI 4j^_^ 
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l-Bjul& Cj LlL^C. Cjd 4 1 1 <LlB d uj V L AuAj . 4-ilc. J II e_ 

j> 

j Jil ^ II t4_tc.l LuaJI CjI jJ-4-A-I! (jf£- 4_>oLlJI 1 4 >Jl_*Jsl j_lc. Cj 1 




4_lo^_JI LuLal -L^tli ljj I Cj L>. Llo. I j ^B 1 g j I c. J ^^115 1 4 -uLU 

<J t ai.3 I \j JloSLII ^^olj-c Lj (j-\_)L-d.l jIjlC.1 ^B 4 a i-Tt-o 3_}l jj c4i *UI o— 

S s . ** _ ^ 

4_jL-£J^LI 4_u-u-UjJ I l_j L i-t-u V I -L>J CjI a I V II dL Cjj-JlC. I Sbj I J_A> .^jJKJI 

jH ^-3 4 _lC. L u-^aJ I CjI 3 l 3 t_IJ dlj <_j 3 j)j *_U ^j-o 4 il Ca> laJL 

^c_jjj)^JI t(^_Lj^JI <J 1a 4 L2ul\ I CjljJujJ jd'jCJI 4 _lILc. c__< i_u_) ^Jlc. 

j> 

4_>Jl_*Jsl j-tC. CjLilieJJ dJj CjL^SLa 4 _j^3_>u La ^^1 4 ^Luo'^Lj t^y-ol uojJlj 


. 3 j L-b 4_u L*d Cj L^_4 ^JlC. 

( _ T l]l iCjLc.jjjJ.1 (^£j ^ — 3 4_4-L^3 — <_u_IJ 4>LJJ <-Bj-uj> Cj 1 j I a f . Cj_il J — Bj 

3 Jua_<_uVlj 4_cL_uJ I 4jj_tiu_>J I CjI Jo_lXI £ja 4_jJLl c-<-<- uj L^_3 1 ^3j>.L ^ i_u3j 

j-jl a ^1 L^jj i_ujj jL^jVI j! 4jjCJI Jl\ L qBj-uh i4_jjJlII CjL_ujl3c_4J 

CjIjUc. ^L$-4 ^yA C-aA -U^J 1-4-4 44?l jJ, I Cj ^Jj Ly i_u_l 3_}Lj ^B 4 4_A^ JJ>J I 4? Li. I 

l_£ ^j-uSLJ I Cj j) LI I ^Jl 4_3Lb^ L I JlA . I ^3_>*iLt_4j 4 ? Li, I 4 jam 

<— 3^ ts^t 1 1 Cj LL^t_4 0 Li. j Cj U I i_ 3^ is\ 1 1 Cj 1 j I a c. £yC. ^s>- LI I 4_u Lt I 4 LllLI 

jCl lb ->~j JjLUl Cjl_3lit_4 dJ Ji^j 4_>JL»J > I c 3 \ jl 4 >JL»_1I j-x £. II 

.4_L>-ljJI CjLIj_jj>JIj j^_iiaJI 

^^yllll 4 J- 43 -*-!! ^Li-u-A (Coo ^1 jl ttlo 34 4_j_«l_Lll Lij^ (jr^- j. 3j j 

4_a J 3" 1. 1 ^JjjJI ^Jl 4 _uLI.I 4 LuJI d jJ3 ^LLjj -C_4 I jJj 4 C_3J^A>J I 1 £l 4j-4 

ji 

4 ? Li, I t—Jj C ,jl lj_x_>«I 4i_uil 4 jI_4j>J 4_j£Lj_4VI 4 II Cjj^3 JlCs . 4 Ij la Jl>* 

J^Lda j ^^bjlj-oLj Lj_u_u ( jy2iSK-0j Q^-iLa t. n i £yA 4jL-^jI ^^1 4j jiil 

cLajJ! ^Bi I -LA . LaJ^w j 4_j£Lj_ 4VI 3 jL^tCil CjLV jil ^Bi di3j 4 4 a L -rt-4 4_pe_4-o 
CjI 4 lb itlj CjI n^II ^ ^Tlcu- 4 (jr ic. 4-u-ui I Cj L_u I j jJ I j jaj l_33i I ^ 4_C ^_b^3j ^ jJI 

j_iu_JI ^_4 CaljLiLa 4 j^1j ^j_4 jIloj l-B j-lm 2015 aLlJI jdc_j 4 jI 4 4-JjjJI 

. 4_iaaL_u^I U. LlCw I 4 j Li I 4_cl£^ jLya ^bl jj ^ J-c. ^j-C. ^jL JljJlaa J-LLb 
^i-C. L y^s ^ — UJ jLJ-4 l yA 4 jB jj?G ju l-Bj — uj (^jJI Cobjil ^Bj 

l^$BjJ La_4 4 4jji_4 4?L_4 -X Ml ljLJ_4 J JU3SZJI L-B J-UJ 4 L-tljibll I ^ LI* I ^)_4 4_J d 

. 3 j_lLuv. 4_pt_4Aj (J^Ldaj ^^ajIj-oLj ^^" jLual ^Jl 
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4j3tLcj 4_4_uLa 4 jvLv <^£1 4_j j iIljJI Cus>c-ljus'\ j1l3 4^Jl1j Lc jLL=! (^aj 

4 J 3 MJ 4l>JL*_< 3 L^_3_jla^J ^ILji 4 4 _JLjl 3 jlj_<3J 3^£j(-ua jL^cjI ^ II 

J > 

jjl ts^t a ( _ jr lc. Cj Jl3j I 4_u I wi-tX Ij 4 -l L ^-lII ^_3 lUJcJ I Cjj $lal Jl9j .4?LjXI 

Lj_>- 3_I^3 If. 4 _l1lX 1 3j. ^ ~v V 1^ 4 j^j LLI I J I ^X I ^ I Jiifclu-o L> 4 4 ? [_uJJ 4_c . >3 

J ! 

4l>J LslX I 0 1 _Js I 4-C£ (_£ ^3 i_u_4 ^£ l^_l_l£j 1 3t_UO I J lj i_u_>l 1 j j III I 

.^-Oj^l ^ I jlt-t-L^J ^Ll 


i iuiii • 

4_jj) *>» » 1 1 J I J X I C_i Li£^_4-i 4 _lB ^_>J I J I j V I 0 Lj_« Cj ^1j 4_lS^ tiu_« Jlsu 

Jl 

^JJJ Ij ^jy 1 C. ^jLj "t 1 1 l 4 't lo^ uaX\ 4 1 j 3~l II lU I 3JL2J I 4 4_*a 1 i dll 

^lll 4 _lXj_iJ I CjLs jLStlll^ J^LIlXI J^-jI 4 43 £t_uj^JI j. is~) 'tC. \ g~t /s-jIjS 

1 " ^ y i \ 4_lSHu_<3 .(1 - 1 1) J < .M l j£jj L^J.^I ^JUJ! L^Ijj 

lj_$_> ^C— 1 1— A— 1 1 ^jljiLs cLaJi^ ^alt3 V 4 _l3jl>JI o\ J_t I 


^Jioa 4J j_5tlXI <jl jJ_lJI l_ ij. is~T) 4_j_U_c. 4_lSLiTu-Q Jl * 3 L$l£LI^ 4 L<a-A Jl>>j 
^3 1 lUIj^ j3_<^ .(JjjI^-lII^ inll^jVl 4_j_4l_Lll^ 4 j_L^JI^ i^-uaJI 
^Jioa ^ J 3 "i 1 1 ^.c .1 Ic^aJI ^JLslII <j 1 jXj i y-A I^_j_i^ I J J^. ^J_< 3 _ 4 ai_jJ 4 l^lluX I 4? J-A 
^ y-HA 4K4UI ^J-A J t-uLTC-U^ . LJIj_« *J 

^jL£!_t_4jJ I £j-A 4_jIX I l jy^ 50 Jl^ILjU CJ-UV 4 4_X^_3^_43 V I SjL^lXI lIjLjV yi 


^j_4 4_j_« ^_lII ^3 L>» Llq. I J j_ 3 ^ll 4_jJt_j_tlaJ I 4_iB ^l>J I 4>LiX I CjI 3 tlo ^ \c. 

4_tb j^>«-I I ^ LX I (j 1 ^ (1 — 11) xfuJ Ls d^_i_43 . 4j jl*J I 4> I jX I 


iJ 7 ^ Aj - A % ^\ (J^l 4 — 4 j-J I 4 _*_ 3 l^il CjLjV^JLj ^^Xallfl 3 JlC. 3 Jj 

<_U! 200 ^£$3 — <-u_4 \ £jl£ ir'-^jL^-II j ' tC - j- — 33 j_j ^jJlII 

4 j 3 m 4_!jl_5e_4 (j I ioj — <_3 — i-uJJLl ^ j^l j-II jllll ^ l^-c. j^SLj-4 

4 1 j 33 1 1 lUj I 3JL2 J I j-l 3 Lie. a I 4_j JljXHI I lo II a! i_uLj 4>LiX I &J~-& 

4 c 3jIl£lJI 4_la_Al_s 3 J 3 » /a 4 J 1 4 r. Jlju 4 L^lc. 4-aL<-uJI 4_j^_la_*JI CjLiS^J. 1 jl 


I jufc 4 oIjV jjJI (j— 4 3 j c. ^Jl La jj3 n ^Ll^e_3 c_< jjv 

^^1 jILc 3 ^lllj 4 1 II ^Ll>o ^lll 4_j_L<jjJI 3^.3 a 1 1 cA^- — c- 


. 3 JlJ Jl C. J J) 3 C.y lU I ^-l<-u 
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(2),' 


\c, a ^->- j i_iiu j L^-l. 1^: iuij^_4 4 -i-ujI nut! ^JLxJI 4 1-ij j->» : ( 1 — 11) 

_ > _ i 

*lji! j-UUI ^3 j>l ^£g^5LtXI 3 jl>»^j 3), \3 a t JjjlJL) aLji.1 ^ j»Lnll 


C_3^_3kH]| J 4 _JJ_iLl!1 ^1 J-U-3 ^L^ILaVI 3_}Lj £_4 j ^yJy-L^*^! \ jLL*JI 
y l_L*J I ^jy«o * ) Cj Ll-i_l->. Cjj, ^ lo I 4 4 jl i 33 < n 1 1 L$j La I J^sc-u^u \y 1 ^ is-) I y^>- ^lc- 

Zero- J al£Lil cj 1 3 cj Ij>_LiJ 1 4>L ll! y->-^ Lie. 4 jjJLaJI 

Sja 2 Fe° juj^JI jia ^^ .Vl ^4^ a .valence Metals 

La j 1 Li 4 1 ^La Jo JLlC. l£L]3j 4 4j jill oU! 4 j>JL*_4 Oy 

4_*_jL3JI jujl>J! cj boJoL. j_>J I y\ * / ^-jLtyy . Cj I^Il4 j_i L 3j. <~<f. {_yt a I 
^ to AJ L ^-4 4 4 _t_t_»_>J I ^_La ljj 4 3 ^ 4 3 jj> is~t) JL>- I 4 _i_t_t_>J I ^ I J 


2 -LsL 


1 ^j-4 


4?LJs I ^ 1^41 4 j^jLlII juJl^JI cjLl-i_l->. ^ y£}y . I 

(j ^J^SU I Lj jJii-4 4 I CJ L £ yX 4-4 L_uJ I O L-UV I 4 J I CJ Lt^_4 

4 4_<_4 jyKl ' y is~i \c. £\J->y C- 4 ^ yX\ CjLLj^>» j-l^-uSo £yC. ciL3j 4 CCI 4 

^ j_3j 1_4^ . 4 JL- 1 J L 3j L l^d ^ J r. 4 Uj < (i 1 4jj) I>ir. Cj L t£^_4 I l-Z'jJ, I y 

£-_t_4-^- ^j_4 i_u£^ I y is^i'ic. ^-JjJLlL 4jj_iLJI JuJl^JI CjLi_j_l>. 

j. 4^1 <r. ^j_4 Li>j_jj^>oj 4 j^UI 4>L1.Li 4_4 1 i_ail NO x (j^>- \ 

I oj. jl^ 1 ^JjLoj {Sy^y O^- JLH^- 5 ^ jJI 

. La Lj-J I 4 1 L 
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Ju_4_> (_jj m lo 3°) ^_i i_uLo 4 jjjLlII JuJl^JI CjL-u->. jjJ j— 

(JlLa t4 Ij 3~<11 CjI j LiJI yuzilc. yc> 4jjJI! 0 LII 4 j 3 n ^^_j_>JI L J 


*13j V 


U 2fJ 


(3) 


3jLla j-lC. <; lLL- < ^ 3jj_i-a c^i 4 jJu_u^!j iAs £c_jjj>jJI 


4_j^j_>JI jLJ.1 4^3TO J^ISLUI i^jJ2a<d _u»l>JI Cj L-l-<--v • 

4_3jL 3j Ju9 <4 jJL^jlU <_jjLeCjl ^_jLj Cjj ^lal Jills t LH <_u L^ 

L^_aL^4-j ^LUI ^ s JjaLLil j j Jl_>J ! 4 jjjLlII cj! 

$. La-LJ I lj_c. . 4 _lC. Lu^aJ I Cj LaJLel L 4 j jII I <Ll£s j_>J I 0 LI I 4 j3 Pm 4 is~> 1_>J I 

^ jJI 4_dji^tli u*X\ JljJl^JI cjLlj-ijn. ^Ltad j-*-l£3 3cjj_3J 1 3jJl 2J! d 13 

JuJiadl Cj1j3 ya 6 jju£ ^IjlC.1 ^_3^33 4 jtt- la mi 4j>- L_u_4_j L^ju-^j (^r LjL ^ 

l^LI lL a Juj»aj l_4_4 t C j Llj-u>iJ 1 d 111 4 _^>-jL>JI ^Ja lxjVI 

LI CJLLj 1 3Ja ifulll <lLLu m £J 1 Ca1^_3_>JJ *Ll Cr^- Llc-^LI 1 

3juJ 4-jj ju^jl II CaLfijIL 4 jjJII 4_lBjj>JI <?LI I ^j-aLLo ^J| 1 ^ V i^a ^_i La 

jJL^aJl ^^ifcLuJLl ^ 5 cj>JI 4_3_ua I ^Jl Lofc 3jl CiVl jJlj>oj . 4_j_$ i_u_J! 

4_Ij-^ i_oj Jlittlil 3 jJl3_I1 L^J j! J£ 4_« i_u_t! JljJlj>JI CjL_j_lj>J 

t-LUj^j 4 u^j_>J! aLII jJju ^lll 4-JjlII Cal 3 -lLJ 4 3j 4 jJI i_ul I yc 

4_L« l£U I Cj L jIX I 6$. 1 a\ \ ^J-c Ltlil 1 A Jj L>J I 4jt_j_Ja_i I Jufcj t L^J 4Jba L>J I 

* ^ 4_i^3J L 4 j^jLJI^ 4j^1o j^SLJi, ! ^L_u_U j^j 

^c_la ^£1 4jj) juajt 1 1 Cj 1 j jll, ! yc 4_l£ jj>iJ 1 0 L-l 1 4 j 3 n 4 jl nf. seJbj j 

1 ^ ^3j jl 4 jjjL JoJiaJI CjL l-ll>- u±a {ya Q^SLa Ja jJbv 

I Jufc l_^J ^J^aL>JI Ja x-ujJI jJJu ^j| 3"< 1 i^JLa^J! ^j_<3 4_ual i_u_4 CjLlj-lj^j 

3j) Bed R.OCk ^LU I ^Jfc_<-a 4_lJa ^yJ! is~T) 4_j i_ulj yu Ja j-Le-U 

oajlCiJj . L^1>JL»_« l\ jl\ 4_l£j_>J! 4 3 1 Io I ^ 1 3 Mill ^Ja i_uJl C. 

% s * f. " % 

CaM -Call i_u_4 ^1^ 4 -LlA ^JlC. JlUj Cj Li_u_>J L 4_j yz. U, I ^_LJI 


1 i_u_*a 4 _l£ 1 0 LI 1 4 3 i lo ysyC. ^.L. 3 JlL^I I 1 $$~>~ 3 1 J^->» 1 y&ytsu C* 

^ ic. jjilajj . ^ 2 — 11) JSLcJ I lr\_ua j_A U£” 1 4_u II I 4 3 i L 1 1 dij £j L^_i_u 

c_<j>-Lw jl CjjilJl 3-^.La.» ^_L!a_ua_4 Cj Ll-ljl>J L 4j j_5c_CiI I 4j J j_<a-*-ll j-lxll Jufc 

.((Contamination Barrier ca^lii! 
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dL-4 

4JLi-lj_) ^jIL>i_i cj^iUI <L».j 

u4jJ I cl)Lc.u O » ( j_4 (j i^SLfl t 1>|T 4 _'i_~>i.Ju 

_U_L>JI k _j_4 <L)^jlj CjL u -iaJ <LUL>JI <U_4Lui1I 
. Jii LSIlLJt i^yLuO 

* 

4_j ijJU. I 4_<_2 i jj>J I aLU, I *L>J Lx_4 A l a l< 4_<_Lc L>«_ub ya ^yla-uL a3o : (2 — 11 ) *Vt T I 

4-j^jLJI _u_}_l>J ! Ljl__xj_(L>. (j-4 l->t i tj ut a J_avL>J ^ jX, Lajj^_4 « 

. 4-^-4 1 tii a ^JLaj 4 V~t «»I^j 4-J y^>%X I 

3jual_JLll,l j IjJI ^J] 4 jjJi,l 4_L3 j_>JI ^Ltil (Jj >0 :?e_4_s^ 

( j r lc 4 jjjLl1I JljJu>JI CjLi_j_i_>J 4_luoL>JI 4-jJbajJI a I i_u_*LL l_Ajl t_u_4 

tjr ll 1 JlJ JlJ>J I CjLlj-O- £_4 l ^ r £i CjIj^UI CjLi£^_ 4 Ijuj tj-LtJ I iiJ-4-m 

4jj L^ljJ_>tJJ CjI lIHj lL^jIjj 1-Ajj Jlj A 

^_^cLjj C-iLujj>. <?Lj-ll 4 j a n 4 j i 4 c. l jy. ^H_u (JLllJ <_u . 3 jLlIo j_lC 

CHCI 3 Cl j^KJI jLc I juj — Cu CCI 4 juj^K 

SjU^f! ^lc. 4Jljl ljjJI Lilli 4 _jSLjjI^_U3 JuiUjUJ I JlA . 3jj) lo 

4_ul_o 4_i_>. C jLjjjT 4J J j J_>J! CjLi_}_o* £h?Laj Clx-o- i^Jlj Io*VI — 

J 4_lIL_uJI oLjjjUSLlVl I Jl_uj . C Qj^aSLlj 2 JJlC L^_*_o ( jlLaJj t4_be_jjj| 
: ^JLlII ^^Ljj (J^LaUlLi (j^jl 

Fe° — ► Fe 2+ +2c‘ 

CC1 4 + 2e- + H + — ► CHCI 3 + CF 

l_A 1_U3 CJ L> (j 1 _L*_J i <> U I t ^2 — 11 ) tlj-J l-J J_A J 

JjLai 4_>- {jj* l 4_lL> j-t-u-l \j 4_«L_uJ ! 4 jj) ts^* H CjI_i£jJ, 1 4_Jl_>. 4_>Jl_»_4 

^£1 t<S-zdiX I ^ »jilo H J ail ^_u Lj Caj>o 4 j 1AI 

.4_l^jj>JI ^ LaJL I 4 JLlL> ^L>ol 
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)) 4_jloL?cj {jj—^2 tJ J}Jj_jJ 4 jli_>J I ^jjLstlll ^ jLu dj.^1 Jl_j9j 

4jjjLlJ1 4£JjL ljjj JuJl>JI dil ui>> c ajL^jj 4_jlc.Lb ^ If. «4 jSijoaVl 

SjuJuL ^LUl 1 1 dL£jJJ ^j_c 4_d j_>J 1 oLd' 4 j 2? m dLLd 

(^Jl) (Jj-4 4jJ uuJ>J I dll Jl_U_11j JJ-lSUl .iJutlo Jj Mrttl ^Lu (JlLo 4 jo < .ill 

^ dtj (_uJ 3 JlC.1j dlj-iot_o j^KUl ^ J,j.cus> JuJl>J 1 diL_j_o- (Jj-O-i dlJ . <( ct^ 

^j_o <_ij_ULi £_2 j (_^Jlj 4jjlll 4_lB jj>J 1 oLJ,! tj^A A.S jjjjJI dLi£j_o 4j|jV 

♦ 4-lC.I logaJl 

dilj^jl Lo-& t(^rGjj_uo 4 _x^jj>J1 oLJJ £_ujjJI 

o o 

dlijj (4_< ^Lci- dLtit-ujj) As04 j (4-jjMo dL-iitojjj) As 03^ 

£o_jJjjJ 1 (j- 4 (j'Ujj) 1 1 lil£j . ^ ^ i_Llj_>Js 1 (jyjUJ <-La_<-o jJ 1 4 jjJ_9 j I 4_uda L n. ^ jJ, 
1 j o < (i (3j-^ d_p- jdojv^l 4_uMi] 1 d Ljit_u jjJ 1 q ! Joj 1 4-LQ-<-ui Li ^u-uHj 

(J-O-C. 4_iSLu l£2_pa ^jLs 1 JJ idsLsuJol cij. df. j_2c_Li 4_u_u Lo_>iJ 1 d l_jit_u j jJ 1 4 _j_o_<_u 
4_jJLl 4oj> 11I1 d Liie-u jjJ 1 3j -u&'\ 4_uL ^ jij 4 jjjLl! 1 dd>J 1 dLu-o. 

(jLjjJl 4_J_Ut_td> 4_J i_ul_OJ>i-Il d Ltife-U J jj 1 L-t £j_0 oLU (jj-S ^jl__ijjJl 

Lilli . 4_i l_< — ( ji Juu 4_1 — <_u_i oUl iya L^llljl ZjfLoJ (_£ dllj 

: (6) 5_JLm .LU! 


Fe° + 0 3 + 2H + — ► Fe 2+ + H 2 0 2 
Fe 2+ + H 2 0 2 — ► Fe ni OH 2+ + OH* 

OH* + H 3 As0 3 — ► H 2 As0' 4 + H 2 0 + H + 

t4_oL_uJl dli-P. jJL^Jl dLi£j _0 j.u.adj (J7 ^ J_olil C_ljJ_4_u^l qJZ ^jdjUJl (jj . lc J 

j? 

L 4 I 0 4_u^LjJ 1 dL lu^ajUJl 4JljV 4_d j->J 1 oLJ.1 4 j>JL»_o 4jlHJ»1 4 J 2 jj_L 2 .il (jL^ 

jjfc ‘J-y-Il ^ cUj (jlj^- (jy-Ij LlLvj-o 4_d J->J 1 oLJJ ^j_o ^uJ 

^yjl 1 jJ 1 ^ 0 < <1 ^ <J j^ Lca l 1 ^-y^ ( 1 ^-^* l (j ^ * ( 3 _ ^ ^ ) (jS ^ Cui l 

4^j-c ^ i jIuJl Sjj! jJI 4_djj>Jl oLdl 1 ^jlr. j-oj d_pej djx, Bdc 

^j^Hocj j Vl 4^jJti! J J9 e_l 3 i L^jJj ^_ylll 4 j3jjlJ 1 c 4jiHa J j j T< ■> 

fUJ 4-ul-Lo.t^ dL>JL*_oj ^L.Ltljj dl jl or. dUjj ioLuaJJ 4_jjjVl 4 j j Ti ILi 

. 4jj_u£wlJ 1 dLo-u-u_>JI j 4 iL^aJl ^Lt.u-'v VI i__xjl I j_1 {jjz qs~i 1 V" 1 1 
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4JLvj_4 (jr £t 3 < 3 — Al cr ic jjij-Uj Lfcjl — (_u_a 4_st — cojJJ ^>LjJL I cr 4oJj 

^^-41 (j_4 e_< i_uljjj CjI 3l» a ^Jl 1 4_u V-J-ll CjI oit-ujjJI 3 J u&\ 

(j_4 4 3 i lo (_yJI oLlI jlj 4 ] CJLljj t4 j 1 11 l_4_>iJ ' Cj L iit-uj ) jJ I 

i^j. 3 is> JuJu>JI CjLlj_o- ^ \ c. L^l i_u_4 4 j^IL>J,1 4_4j2.L_lII ^JLajJI ^j_4 it-^jl-v. 

Cll3 £_ u3j . 4-c L_uJ I Cj 1_Lj_u^j L>J I ^_4 ^alifc3J I cj 4"i lo < .1 l^j ^ jJlj L£JlI I 

l_<-j (_uJI . L 4 L 4 -J 4_o_jiaj ^Lj_4 ^\3 j^>*3 I 4JLwj_4 4_L>-^JL I 

(jl (jy J] j3Ll! 1 ^jL>- L tiu-u CjLjI^j>* ^Lj-U 4 j 3 n 4_3 jj-Ls ^1 Ju^ 3 <_u! $.ljj 

Lgj cjMcL3IJI c 3 4^33 j i4jl_*JJ 3 jl3j»_4 jl*3 L^jI j Cj LLu^ j L>J I £.Ll4_j^ 

JlIc. 1 ^ j4 C-xJt (_y3Jlj 3 JlC.LcuJ. 1 4 rt 1~ V 1 1 £j_ 4 4^. J_4^5C_4 (_ylc, 

. (_p2>jVI < << Cj_>ij ^LJJ 

J ^1 3 JlC. 1 cJLl (J-4l IjJlII Clij Ju>»I (pH) ^y-Lo> JjJu^Jl (J^LjlJI J-UJLJJ 


1_3^ j 4 _i_i_uI_lI,I ^ j 3 H jl_u_>»! j VI — 3-u^VI (jj. ic. Laj-uLj Cj-^-lII 

3ju_a^I ^L>»j (jl_4-L^ (jr^- 3 jlcL<-u.I»I IjjlJI (J7 ^ ^£L^3JI j . ^LJ, 

^.4 4jIIl4 j_lC. CjLl£^_ 4 ^yjl L^Ij j_>ij j 4 Li! 4 jI jJ»l 4_uV-J-l! Cj L ii^-u j jJ ' CjLj^jI 

^ lo ( xi L j J) 13 ^_y^ c_jJl?e_u (_y3.ll CjLL^-CJI 4_JL_u 4_u_uI_4->i-I I CjLiic-UjjJI CjLj^J I 

dla £_u I L$ 3J!jl j*3j ^3 (j-4 j t4_o^ji,l Fe(0H)3 JuJu>J! Jlj CjIuj^_>. 


i's~> ^y < (ijlolJjL4 (Jl^e_4 a | j3c3u -u L j ^ <, <ij1o13jlI,I (J /^i ^ H CjLj_L3j 


£l_ujJJLi AjijiXI jLCI JJ»_L4 


Jj>JLjlX 1 oLJ.1 

J-A L^ Ll o Ju JlJu 



3jI jII iLu2 ^->4 ' jLdl ^4^ j lj 3 j^ujL« 


jLlXI 

L^1L>JLsl>s 3jIj^!j ^c-ujjJLj 


iG^JLi ! 4 _c2^j>JI jLU.1 J__>J Lx-4 3_JLj jls ^L_Lb^_j w t-» ^ t-» p , : ^3 — 11) Ji-3-uiI I 

^ jdlj <ii ^ ^ I -L->C I (JM>* ^j-a 

. J^LSCJI 4jjJs_u3 3 u*3LJ! _u_l>JI CLlo-o* j t-> , ■ ■ lj ' 4^JLxll o. 
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<Jf jj§ 4 mmJI £dUf 


aLdl 4.1 j. 1*1 1 4,31*1,1 wLj^jLUI l-&jJ I ljLuj-o* * 

CjI 3 j i E "< ) 4 3 1 »~ U 4_j_<jJ_»J I lLiL^c-J V I £ I^j>» j 

o LJL I 4 j 3 n <J Et_4 ^ l 4-4 Lc. 4 3 t^i ) I <J EtJ, I jj L<J I 1 j_>-jJ 

i 3 Io^j i_3j_<_u 3juj-3 JS^-LaJ ^^yJI j) ,ua ->J I 4_^-j ^JLc. ^ jH ^ 

4-jJ) I^iC. CjLl£j-4 ^yA 4j^Hj>0 1-4-4 4j jJU, I 4_l^J>Jl d\-lI\ CjI j 1 4f. 


. TCE i yCu % ^\ ^yu c_t£j-4 1 4 j Us t 4 _lEj 

4_jE! — i_uj (^jJI c_t£j-U I J-& <j1 i_£jj_*J,l ^yaj 

Cj 1 j 1 4 c. ^ISLII JJLkJ I ^_y£. 4_i^_>JI <?Lii,l ( _ t I) <-ij-Ljj^u 

j> 

l_ojJ,l Ij 4_4jL2fc3 (_oJLl ^-jj i^U ^y-C.1 lu^aJl 1— Sj. ts~! t ' 

. l_^J_4 Cj 1 j ^ jj5c_ilJ I Jp I ^C. 4_j I Cj I jJLi] I ljj I c rtjlo n Cj 1 j 1 4 c. 

4 ju-4-^V I J <_J LEJ I C. M Cj Ij. i J^i -TcZ (_U_ 4 jj i>) ~>Q ^ 3 ^-A_2t3 (_uJ 1-4^ 

. Lgj 4_3JL*JI 4-l.LA jJ 1 £_3_J I ^j_4 l ^ t-oj 1 ■rr" ] 

Jl^J t_4J (( 4-1^-J J-4 V I (j_4Jjlj 4_*_4l_>- )) ^ul_3_ll ^Tl^t-tJ ! ojL*^!! j^! lj—2j 
i?l_J_4 4 J 3 JU 1 3jiJ jjs 4_4Jj_Ls ^1 (j lo < Mil (( jJ J-tSjcI 1 Lx>.JJJS.» 

^yA 4j^jLj CjLi_UJ>. ^ I JlitTu-u Lj LlUjj i^L-ail TCE y-£j-A djl_ljj^>. ^yd 

CJsj ^ lo 1 .Pd ^ J-L^lc. !jyCi ljj-4-<-uJl 4 j4j 4_4 _lElJ 3l E » 4 C_i_A jJ I 

4jjjLlI! (— <_&JlJ! — CjLlj-uv 4_i£” 1^3-4 ^ I Jl tc^luj I £_4 4_j I ^JjLuJI 

(jlibVI jLc. 4 JLjjj>oj TCE yS>j-A cjLijjjv lu^j 

— 4j^Jj IjJ I J (j ^JJ 1 4-4-5 JlC. 4_}_4 <-uJ I ^-lC. 4_u -Ll^J I Cj I j LiJ I ^j-4 j-Aj — 

Ljj>- jJ J-t^3 4 L 4 -IC ^ j) I . 1 3 1 4 4jj t 100 eiJ 1 

CjLlj-o- CjLi^IjIi_4 4 c-dJLIu 4jjjLj Cjl^_a^e_4 ^_j_u-^j ^ £ L^-4Jl3j j jLlJI 

CjEjj 4>. 4Jlj|j ‘--Jj cuJ I j>Lj_4 4 j 3 n ^JLrt-4 ^ £ 1 ^3jIo^H] 4_Lu_(J I Cjl j Li] I 


(9-7) 


l_£J 4_uljJI 4 -lEj-cuJs 1 J 4-4 l_<_uJ I ol_t^ jX\ 


jjUlt LjjvjJj-iSG 4^-i^ 3 dLttl LjL>fca(j-4 • 

^1 cjEt tiuj-4 ^yc ^jlc ^llu] 1 4-blltSLi i jjIjJ! cl* L>o 

Membranes 4 _j ti£Vl . 4 J 3 UI c_jj ^ 4 _t 2 H ^ ^3 

j> 

ijr 4j3 3jjutH4 ^L$-4 4 jjQj l L^_t_u_u l_3_4 j L^JELjol £—y^syj Filters 
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^LII 4 j 4 t3jijj>JI ^.^JLc. ^La ^ ic. jj ->J 1 ^J] 4jI^I]| ( 

i ^ yn ciJJj^j t4 Ij II 4_jjJLijl ^j-sdLjlJIj dj L_uJj_j_U I j Lj-u^LJI yc 
0 LI I 4_Sjj_L> Juu j t l_4J 4J2 J L*J 1 4jj) * 1 1 dj \-£jl 1 yQ yj dJ I 0 L la 

yy L y ^ mi I yc Ultr3.filtr3.tion j^LaJI ^_j d^dll ^ < <iL> 4 j3j)j-*II 

^y IjJxj I jp I yt] I j 1^1 nj ^ 0 _jj>. 4-Ic. L LAjL£ij 0 LuaJLI ^y—^Lu L_I I 

0 LII cjUs cJjJLjjj . o I yuzy L 10 2.5 i_u_ul_3_4 

jSLdJl 4_ujjl>» 4 1 ts^Tt a 4_L_iljd>a CjLLlL yc 4JLjj_LJI 0-LA ^£1 4_« i_ul I 

4_j^jL a l dj I yy£ y& 4-J^La 4_jj>»L>.jJ I cJ^LJVI <1 ts~> yc> 4-g. j'n^a 

jLu ^Jl 0LJJ (j_j_t_L_) JlIc. 4_l^_uJ1^ ^-juujy ] I 4 j \ <af- .jLL^V! 

4_ii_u2_>. 4_aJ Lc. dj L£^_<a £) a 4jjIL>o La-> LAj-ocj La-4 lL j » 1 1 «. I j I 

1 L 44 ^-4-<_uJ ^Ull ^_d^II 4 j>.^1 Jl^I 4 j miC. 1 ^1 t_u_a Qj^JI 

yl\ Lc.jj>wj HJjj l La^_lc. (jjj <■ U> ^4 H2O Molecules a II I djLujjv 
y&J 4 7c_d^II 4_j_cLcV 4_ua L<-uJs I daLtluaJI jl U> °> T ^L*_d yC. alii d-iLL ja>- ^-iJ3 

dj Lujav 4jjd^j)^£LI I Lj-ufLiJ Ij Cj L ujJj-laI I Cj 1 yy>^i 

diUtl^ j 1 lo 4 T ^u_ijl_S-o £y. Lfe j 1 lo 4 1 ^LjuI J^jj3 $; LU_3 4 SJl_*JI j! ^J.1 

j> 

. ^JUJ^X 1 9- LLllC 

4-lu-J I ^ ji-ftll j_j LlI I U>» jJ j-i^3 j£ jl ^_j Lj I yc> (jyys j I -la 

yc. dJJjij 4 j Mif.Vl CjL^ 4_j£Ljj- 4VI (joulj 4_*_^L>J 4 _^jJ^j_lIIj 

JuL^I yc 4_j^_ps l^-x<_u jl yc ye 4_c C jUc_aIi^_a 4_j cIlc! ^_j_u-^j 

j 

filut JzyZj .oLl-l-l^JI 4 jjjLj Iron Oxide Ceramic Membrane juju>J! 
Li^j diljj Renctive Membranes 4afiiliiJI 4_j juLVl ^u-uLj 

CjLjLHIIj CjI jjJLU ^JoUoj 4J1 jl 4 ojL^ 3j Ji^ yc 2j-£y La jj J ^ I] 

. LAj. j ^ Lnj ^Ldl yc 4jj * 11 


&Lla 4Ld>*U jjLJt Lev jJ jJiSL) • 

L_u_s jU 4 _j Jl*J I ^ LI I ^ J 1 *a ^a-A 1 yjC dj 1 L j ->JL Le_J I o Lpa JljLj 

^ jLa V I 1 ^ i^a-LLtHl d_< yc. La I jl dJJ 1 4 4-Lc^I I 4llL Lu_) 1^ 

so, ljj L i ~£> ysu* 4_i^. 1 ii^> dj IjLc. yjQ 4J i-u-Lt— u y^y L y-£- L^J 4 Ll jJI 


238 


*<Ld$J 4 l SJIjlj 1 ...J I ^Ul U 

L^>JL»^j aLJU 4 t Jl^ lujI aW fjkj .Desalination aLJtl a Jl= 


_u£L«JI 4_ 


l 33 


i La 3 


^jJlj Reverse Osmosis ( 

1 ^ r Lc. 4 _s 4 _)l jJLl £.l_i! 4 _dl_c. I i-s ^ + ! g j I ^ 

t^UI 4 _ljIjJI oVL 23 1 -%. V L ^ 3 -^ Membrane 4 _» tfo^I 

. J)^_L-*JL 4 _Lo JULJ ^ 3 <tl £■ UJJ ^-C-<-uJ La_Lj_S 

Julj < _ jy _<_aSL*J I I 4 _La i_ul ^LJJ 4 _lL>L 4 _j_L 3 j £jl < £ j^_*J,l Cjr a> 3 

4 o V diLya^ 1 » tlu 3 i_xl Lalu Cl 4 .»j>. 4 4 4 ! I 4 _jJLc. Cj L-L aHl I o 

. 4 ^LLaJI (^y &3 4 ?Liil 

^LII 4 _tL>tJ CjLj_LSj yjj) b>~ ^ V I jjLLII Ljj>*. jJ t " / lo c. ] J 

4 _^ jL^tIL_u_l I 4 j <^ir. Vl 4 -C.Ll^ { _ =t £ 4 _jjjLJ! (j^j^SL!! c__<_ubl c__ 4 j^j>o ^_i 

^ I JL^tH i_u I £-A 4 jI 4 _jj 1 JujJ,! j 4 - l LqjlI! i_jjbtI<J! ^£3 ♦ 4 -lL^TJ I ^ £ 

4 _i i_uJ_! 1 4 -lL^Tl! ' Cj 1 j \ o c. 4 a ISj 4 j^jLJ! j 3 j-^J I c__ 4 _ubl 

4 b &L ^ < 0 ^*!! ^-il^bll]! 4 j < In 1 C_< bo I Is! lLUIs^ 1 4 SUI ^ £ 75 

CjbtllS ^j-o 4 _^JJJ,I (jj J^SJ! l_«_uLjI . j^_jJ! 4 -aJlszJ i_al,!j 4 a K~ J ! 

Clx-c*. l Bj." ! a J ! 3 ^_j I CjLUaJ 3 ^-t-oILoj 5 ju^_b j_sl i^ia ^LsljV! 4 -jjjL 

* 

4 L^J^LsC-J JJ_t_*J! {j-A ^ I? <!! ^ Us I CjI ^_<a <_uJ cL«_JJ 5 C _3 L^jL^cHS <A ^ i s~)~ 

^ ^ $£ I jj L^y I? \ t ! «iU! £_4 4 _)l jj,! ^^LoV! J 3 J -4 U-Lu 

J> 

.Molecular Sieves 4 _xljj^>J! cjUtaijJ.! 3 ] J^LU! ^L^-<u 

^3 1 cj Lt-t-tjv ^ ! Jl^cH uj ! £-A 0 Li ! ^_j 4 j 1 o c. 4 j L. L _s ! 433 j 


A^_u_u_LcLi! 3-b 2 -! 4 jj-iL 1 


cdJ J &3 iMgO 4 jjjLJ! 




x^U! ju ,<61 


L^u£-l 1! «il— Li^-oJ! ^£ SJljJ uj 4jL.L J)! jl! oJ-^b ^ Jloj 3 . 


Mg 


cdjj£j 4 Gram-positive and Gram-negative I \j ill 4 J 1 ^3 4 _l^j^j 

oLuu jl >-33 j! Bacterial Spores S—jj-uSLJI ^ ji l 5^1 jJ 

Quantum ^SLI! lLLoj ^u-^L 3] 4 jjjLJ! cjIjjILJ! .»_jj- 4 aJ! 

i—oJlIu 4 _oj_juJ! 4 _ 3 IiL i_u_o 4 -L-^ (j^£- ^ j)j < 0 )r. Ljlj L (_4j_Lc.l_oJJ Dots 

j> 

Lo_o 4 IjJIojjL 20 U> J i L ^ I jLu I J S3 j, L^!! ,^£ 4_t_^l_u_o CjL^ (j o 

4 1 1 C. Lf3 ^£ 6yL.& SjLj ^1 ! Jlj1>3 44_lILc ^_L ljj 1 4j>.L_4j-o L^_i ,q<L, 

. 4 -j^-U^-iJ \ C_J L^_U_ 4 JJ>J ! ^JLc. g.\ ts~j 4 ?! 1 
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jjLJI 1 j yj ,Aj \ ^LuLu 

^ Ju^l (^j^>JI <s.l j^JLs 4_jjL*JI CjLjIXI 4_u_aj Bj. a " < << 1.1 SjLjJl Jlaj 

J. is~\ ~>Q CIa- O . I LULc. lJ7 £ 4_jj iljJI L$_ua ^^-sLlj I cill 

g. U.L. La LLsLj . j cL_J I ^yA (j^j^La 4 j^1j ^-l^jl L^J i_u 

L Cj L 3 IX 1 c__< <_uj ^Lajj lj ^ I I Cj jJj 4 j ^r- ts^i\ 1 4_jLl^J 1j ^ < L 1 1 

i 3 _>jJl Gj . BlbjJI cjVL>-j (j_a ^_L£L 4 jL^^I 

cj! t i<~\ 311 • iL^nJVIj l£j\ HjjJI ^LoILjIj 4_j i_uL_uj>JIj 

j. L ^.1 4_LaU3 4_j_il3il CjL^ <_uJlj 4 j^JI (jLLdj i_u lLUL^j 

s> 

. Cj jUs I g I I ^LlZu-uV I jJ I I g J cTu-J I C- i I iS\~) 

(jr jc LJ I L*J I £> « ‘-—5 3 _L>J I -i ^ 1 3-^-1 1 L -j j L 4JL! tfu_« j. / 33 

4_lC. 1 LuaJl J 3 JJI 3 J-LI J - 4 4 K Lil. I 0 jufc ^^Llj Jj < I JjsVl J 3 J 1 JI 3 

^j-o ^^Ljlj ^.^llll 4_x^jjw^^l 3ju5tltll CjLjVjJI i_ulj 

4-?e-UJ 4_j ljjL_u_>J I j I ^yz> Ij-a I L$_i L! i_u _}JlC. ^j-c aSUI ^ 3 60 

.cjjII .1 ^L!u_lL_uV ^ ^ / s~>j-ju 


ljjAV zi^Jl ZUjjLJt t tua^j ^yjl3 ljL-4-o* ♦ 

^L 3-0- L_u_« ^ Ju5tH i_uj * Lii uj La£^ 




jL-uJI ju , _jIj 


V I ^Lul cjLc.L_u^ ^_«_ulj ^LL_i ^i-c. cjL_j_l_>iJ! 4_jjIL<ij T i 02 

j> ** s 

Cj 1 j 4 ^ gTuJ C 1 a-l>. t ‘LLu luMjJIj 4^. 1 < ^IoLuJI^ «:^LLJI jl j 

4j CjLaljutH (jyC. I Jljjuj .^s !l_*JI ^ <_u-c 4_^3r i'^> 

Jl 3^ t3 j _j^i,l L^l 3j jlLjj L^I^T 4 (jy Ir.j t4_3Jl i_uJI 

St 

l_^_L« CjLlj-l>. C^tlul La 1 31 tHJ3j iSjLl Cj L a 1 jLtTi-L-u 1 LZLlUI L_u_« 
Cj Li-lo- Jljj l J LJ, I ^J-L-u-u . 1^3ua jj L SO Lfcj 1 L °) I ^ Lu I Ju j-J ^ 

c_<_5ej>. (jyXc. 4_3 jL^ 3j Jl! 3 I^IuajjL 50 Lfej 1 L °i I ^1 *_jl Ll ZLu J 1 

V 1 JJ ‘JJ)J“0 dh 4 ^J) ^ 11 ^ 1 ^ ‘X Ij 4 4_jj?c i ii 3 < ill (33^ 4_» LiVl 

4_*_LVl JljJo 4jLa_>J 1 j 4jL3jJ 1 1 L^al i_d! jJlC. 4_<aLlc. c_<_h-uj 

4-C.L-l^ ^Le_u 3^1 ^ <_uJ . 4 ^jL>iJ 1 4_pe 1 u3 m!1 33 ^ 

. ^j-u-^a-cui 1 (j - 4 4j^>1L 4_uo L>J 1 1 Cj \j-uzlszZ t-u-a^ Oj uL_J 1 Cj La_ij^ 
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z u ,,. ; s >lu ^.u-uj^ 4-C.l < i^> l_^_Lc 4 j^jL(J I CjLi_u_>JI i_uj LlUj£ 

4.C.I Jll&j ^_j i_uJjl u_sLJI 4 _c. L_u^ ciJUj^j 1 1 ^ j 1 c. 4 lo 4 Lc-JJ c_j 1 uuJ>-Vl 

4_u j) 1 1 Cjl j ii_>i_l» I 3 1 -a CjI lj_l_>J I 4 jjjL 1 j_li_uJI J juj 

^ $ 4 ^3 ‘ L^J 3 ju-u^ j-c lo < o T ji 3-uCo PhotocB.t3.lyst 

t^J. lo 1 1 3» 1 < 3 IjIlI I 4jJ) i^l » 1 1 Cj L£^J, 1 Lfc^_i£.^ ^^-uSLti 1 J jJ 1 

j j ^ I (j^>- jl ^u-4-cuJ 1 4_» ti/V 1 ^ L> i_u I c t La I jl (-dJ i Lj^TtSLiJ 


(jl-3 i3jiJj_ii]l >JI 0 Jl$J Lc. jjs. j j .C-<J i_ujjlnil ^1 u/xa (J ILa 

c i-ilo 1 1 A } 3j_ual<_<aj 4_» i_u I j Cj La I jJ^lljj I L^ i m 3 <1 Ju>o LuILuJ I 

♦ ^U<LcJ I ^1 J^JIj ^LcujVI ^y-0 L^IuLaJV « «,)V1 C-jLLkJ 4-C.hLt^a 

4jjjLlII L l ZLu J I CjLu.u>J Jbeil 4 _jjLLJI CjL£J illJ I ^Jo.1 

^ j? 

1 Jlu_uI£1 ^ Jl^cU <_uJ 4_!Lb 4 _ijj_l^ CjIJ <?**- c 3b 

L^J!j3_>.lj Ijfe^-Lt-aSo Jjj-b ^yC. ulU 3^ ^_>J I £ I I NOx 4_aL_uJI 

J.33 L ^j}\ LlZLuJLI 4jj_)1_lII CjIjjJ_JI JlAJJ ljuk .4 jLuU 4_3jJu-^ CjLi£^-c ^1 

3jL5t_J I Vd I ^ jL^tTu-aJ 3 JlC. I J J I J_4 CJ J_ll_j 10 ^j-C. L^J LlJ-lTV- j 1 to 4 1 

Jut ] jj Cj 1 lo ^ 4 ) I 4j?e_pj j >J I £ I \ ^£i (j) \ lo n (J ^ui ! ^ jl^J 1 

0 Jui> ^J-33 t4 j^r mi 3 nil ^j_u_^__uuJI 4_* jj J j • 4 _uj_^£LI I 4^LLaJl 

j (j^-uyJ I Juu-a^l L^1 jj_>iJ^ 3^j3c_jI 3 J 4jjjI_lII ol 

(jl .(jL-ujVI 4 J2C-U2 ^ lc. 3 jj lo •>> V (4 tluaJl 43JL>. 

4 3U"H 4jU 311 CjI 3 j ilo^ll 3j-ta^ 4uvl i_u-a 4jjjL<J I L tZ L p Jl CjIjjJj ^ 3l~ 


La ^JlC. ! I Juij t Cj Ij jJLa 4_i La 4 I Ijlj £ I 1 4 j 3 n L^_ca 

tjfA Cj l_»_4 L>l] I j 4 -lu^-JI Jl^Lu<uU 4_juLJI 4_j_LL*-I I jJsl i j r c JljJulII 4_j J^u 


(14-11) 


3Jlj^_£ 3jLU ^Jl^j Jul^ILd ^L^ILaI 
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white 
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12 


ibjiUtl uLuj^Vl 


fiQjJinsJI 3l_pJI i jts\c. CjLujjIlSLlVI Jlju 

I i Cj Lj>» jJ 3-^rJ I (J^J i^j iAJ I j) j_-a-*J I j 

Cj L a jJuJs I 1 jJ j_i£L L^ILa-aL^ (jy If- (J7 3 G 

CjLujjH^UVI Cu Ju 3 j ♦ CjVI 


Luajj jj SJI l h JU 2 U < a _X_Ld 

£_-pa_^- l_u_o_uj L j^La j 1 <;^ a 'j he. I Jufc 
L^qjLSfciu-uj ^ull 4 iu Jl_>J ! 4 _uj 1 1 by $ ->. V 1 

I jj jJ I (J ts^i a 1 1 I JlA ^ j jJ I 

4 _C.Lu-o j-Jj) Lnj Cr^ Lj>- jJ j_£LJ 

cjLujjJISLIVI ^u-oL 4 _ 3 jj_*_U tCjLujjliSLlVI 

(3 ^ n j^Jaj .Nanelectronics ^ 

Jl-iAII £) 4 ^L 1 {J7 ^ ^ — *_-a ^Uj£LIl ^£jl oil 

^j! is^aW I Jl^j L-h LU ^IL 3 ^Jt!-. 1 -^ 

-L. uj_) Ij^J I 4 .C. \ 't ts~) JJ) lo 1 ^ysjJLA i_uJ 

^y-t-q-UjJ I jjSJLlj I £_>-jJ,l 1 h JLGJ 

. Cj LujjIi^LI V I £_j_*a_>J 


jjj-* Cy> pe-jM lM» 

j>j 1 — liuHjj J^LLsI <jl juLo £jJa 

^1 <U£iLiJ I d j-i^j jL^-Ll3 

Lp- jJ j)_i5>3 2 j^j ^LpJ cjJl^-q 

J a lj ju£ J)l 9 t j iLiJI 

j iLiJI JLc. 

La Lj_i d_9 ijj^L-a j_lC. CjJ I j 1 a 

« 1 j ■ .. A" t, ., « JJS j| 
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LJ t J t jjll 1 4_L^l_4 

II »Uk. ^La Lsjilc 1948^L*JI ^1 IjJj I 1 ^c_jj Lj 

ii U^Luajj Walter Brattain <jj| lj_> jJI j j John Bardeen ^jL 

Bj. Mill jJj)) (J-^L juu jj—ibwLJI (1-12 J< Ail) William Shockley 
Jj^_3JI I Jl& JLj Ju3j . j^u-ujs I jBxlI ^^cljBbJ ^McL i4_j^j^_«VI 3jutlii,l diLj*^ ^JL j 
^_lc i^lx il (jr i I j_j j_33 <jlU jj ^L)_uijl jJjjj B^jLv. 1956^bdl ijr b 

. L^J 4jI_$j V UaLslj ^Lu_u 4_4l_J ^jL-ujVI jLujj 

3^-L*_J^3 3Jl^ Jjfe i4X.^_3l,l d)l 4 I 4 ts~i II <Jjt-4 (Jj>. (^jJI (-uj-jljliilj 

4_I^L>- {j-A jLuJI JJ^-4-J ^ A < <|J J-$-3 t jLpJI J^JuJ ^ lo 'l A 4 ^ J-33 I Jj>» 

l 4_tJI jJI jLuJI 4 _c-l3 l_£^I_IL>.I £_ « c 4 jI Co-jjv Cj_iIj j-lC. jl J 3 a s 


l^ Uic l (JJBj 4^l_uJI 3j mi Te_JI ^>-4 c — 1 ^3"* LJJ . l3^ l^-B-l I 1-4-4 

4_3jj_Ls l I Jufc 4 I AC. L_J J-Ll-u I J^Tt-t-uj-l IjjjJ I I j Lu 3 J uj 

jJjn-Jljj .^u^SLtl y u 4 j3jJ 1 c ' 3 1" -v I jlj t 4 -jjj. 1 1 Bj-jIjJI ^1" 31 I 

5^J>.Vl (j y^ 4JL3ISBIXI j5 \ Jjjl *l_(J 4_J LUJJJ d) l_j ^L*& cj I ( -°J J IjB-l I 

. (^cJI . . . 4_ij Lj^-J I CjLi£^J,I t^LjjJJ tCr ]VI UJ I ) 4-jJb-jeJJ 4_uj)jjt£LI'^ I 



mi : 4j>CJI *Lj)_uaJ! z\-aA£. yu ol>o 3jj — us : ( 1 - 12) j5L_4jil 

cy“>3_>«_4 ^ If, uJial jil) *■ 3 ..^IjJt) j^jL) ^jj-j_JL>JI) 

. 1956 ,>L*J! cljyjJiJ! ^ 3JJL>* I ^ t^-3LJ I 
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jLuI/I 

c4!^^' j LpJ I j *s ~> ^3 ^y_Lc. L^jj jJU c I ^_t I c <n j \ t ^i") LLtSL^-j 

uLj LLaJ, I Jl« 4_!j Lc. C 1 3 -^ ^ ^ I 4 ^ yj L?fcjJ I d) I^JLs ci^ 3 c - j t-s3 ^->3 

d) Ljjj^IISLJ V I C l£ “Co ^ l—L) <• 3 J < < ^alt 1 1 I Ji_A Ju3^ . c-<-tfu^>tJ I ^ I 

^ < u L I j 3j jJLI Cj7 -^j L>J I j I jJL L ! 1 — Ll£j 3 jj>J I 

^ 1 1 (J j ^331 3 j — ^*) ^Ljl^l cl^-tl ol — ^ * I jJ jl j — « 

(J j *-o ^3 4_I^J <_u_l,l 3j^>J I d I j V I a 4 bll^ 1 ^ j4 j_33 jd 

3j^>J I d Icj^TtSd 1U 4_j_oj?tj>tJ I 4_3 LtSL! I 4 ? 7 - n La-Li) I Ji_& 4 d i-L^-tTuJ I 
. I <Jj 4-^JlC. 4_Lcj) 4_jjJL3JI j-i^L 4 JjL*J I cl j_t I ^ — 3 

d ^L^jl I 4?1 j <■*>) I ^ ljj I 1 ^ j 1 C. Jjl loj clj-tl (jf-A 4.C. j_oj?c_o dJl_u4> ^jl _A_j_i 

^ 3 _LLo > j>J<j c jj,<j1j < „H Jlo 4 Semiconductors 4 _d, cl ijJll) 

I Jl^J £_t3aj?t3 V — dlj^3 4-uJcl J^JI 4_c. 1 <</-> ^ 4 4, ,„ dM jl^l - 

4_£ Lt£LI I j I jl 3_« !j 3 j ci 4_ ltv. 4 3 ju^»s c I 1 ^_j dll c^ < t 2 j < / ^>" 1 I 

. 4_ljl_*JI cl^-tlj 4 _L-->jI! cl jll La 3 j-j>J 1 4_p3^?e^>d! 

^ ^_u Laj->d I J. i<~i < * 1 4 j £<i \ | 4 J \ ts ~> I ^JLj 4 LI I (Jrh 1 LJJ (jr^ 

4^l^jJ! l^<aj4 <-_3 ♦ />> Q^jJLc j? jl ILc c_3JI^ jJLj^j 

i _ jr lc . ^ , &J-4 (ji ^-j-La 3 0 ^^t_a I ^JLiij L^jj. jlo ) £j-£- (J-33 I 4 J I ^.jC- 

4?Lj ill d ^>3 dA] (_u3 4 _j J)L*J I 4-£^_*Jl 3 j1jl>- 4j>-^C JlJlC. 4_jI 

JulC. LuL^j ^_4HjlLt3 4 3 i^i] I 4>Ji_A (jl-S 44 1 ^_tl cl ^-tl di ^L-° dj^Lt-ss ^J,l 

» 4 1^1 3tt < tl 3jl^_>dl CjL>-^C 

4-C. Lu^d <-_<i-3 j Lc. cH» ^l^^l 3cl-tl — (j jSLlL i_tJI j-u^jlC. j i- L j j 

L>J I Ll>j I Juc J_*3^>o 3ju^l jJ I 43jC (jtb 4 J t l ^ — Cj Ij^IL_uJ^j \j^} I 

L 4 ^ 4 1^3-1 1 Cl) L j)^p£LI I ^_4_u I ^ ^ jlr. ^ 1 lo ) 1^ ‘ Cl) Lj^r^J I 4_*_)j I 

i_Lj_i3j3 4 (j ^SL lL i_uJ I 3 jjL j * (« I »2 — 12^ 3^ 1j3 I £j\ ±jg 

4 4 — ( 11 3") j. (j_43 I 4 ] 3jjL?c_« 3jc (j^lL — i_u_J I ci)ljc 3jc 

3 Jl^v. I I 3j JlI I 7z—lj^5 4 ^j-4 ^ . 4-l^-A I t-u3_I I 4_La_) \^J I Cj-£- ‘^dJ C J 

Cx^-yz L^ 4 d) L ^jTtSLII 4 jjLLIj 4_LjL?c_4 L^jL^j (J>5^LLj i_4jJI ^j_43 

.(3 - 12) J^ui 
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Ga^uji (■*.)$< As (lj) tSi j^sL-L.^Ji (i) j_« aLuiui 


. (^jLLSLJI LLA cJiJj-4 4.I-> mljj JiLlJI ,'Urt : jJLuoXI 

.jll o i— i till (jl-3 tj^llall J lc.j 

Lt-LtTu-4 j-^>- V I 1_AjIjl> 3 ^J] IjJixj ^J^-*JI 4_<a <_u ^ « nV\~ 4 j a 1 1 1 

jljJLl 4_uLijj cjLjj^liSLlVI ^ ^ 4 VI j >JLj 

d) Ij j 4_^_&1 i_u_4 4 j3c_uj 4_uUi]l ^j^SLjJu toiJI 3j jJ 

4_jj>-jL>iJ I cjIjIjJ .1 4_jj>-jL>JI L^j L j^liSLI L j L 4 I (j^SLjJL i_uJI 

.(3 — 12) — jJ! J — A U£ CjIjJ — I 1 — 4 <>nn 

I c_j 1 _tc ( ^l q^LjJL i_a]l ojjJ t _ ;r j^jL>J! jljJ .1 <J 1 <^l 

(jl ♦ L 4 J J-^-^3 SjjJI J a~ < nl ^Jl ^ jJj jJI ^-cVl tCjLcs: cuJI 4-J1 < (i 
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^1\ i Q^SLlLu-uJ 1 3 jLa q!z>j-xj2 LaJiic. ^ di^Llu La ^jL C-j-uj jIj- 33 i_uVI 1 Jufc 

1 Jui> (jL^ 4 1 f^y J J-Us ^Lt til *_L_J (_aJ jl 4_jJl_C. CjL>-jJ 

4^j 3 <LlLl^J 1 CjIj j 4_ua-A L<-uTl! I a^jlj^JI j3 4_jj!^j>. 43 LL ^Jl rtJvjZLj 

^ Ij. 4?" i (I I 4X^Cj I luj L I Jl_A J ^-J_9 ‘ 1 4^ Lfc^-U-uSL ^3 < (_t i-aTlJ L^_4 

4_jj>-jL>JI Cj Ij I JlL I Cj LjjJlSL! 1 q ! sju j_J^_>o 4-iLa-aJ I 4? Jufc t 

. Holes * ' ^ 2 il 1I jt cj1^?e_ii]1 ^j-oLj l^jju L« L^JL^jq 4£jLi cjIjjJJ 



•si j *! }* i, ®Si ' * 



^p.V 1 jIjII 
^ 3 l£ 4 UI jl-Lo i_ 3 j^jiXI 


•si 


; i i 

* !♦ 


'Si 


p Si 


► t 



jljLs jj— 3 jJaj Jjj-^SLlj 
^^SLlLuujJ i iijjJ jiiLSoJI 


JL) jjjSLJu— ujJi tjljia JaLxJj! oy—^-i ^yla-Ja^O luj : (3 - 12) J*v ttiTI 

2 t-> , , , Ij ' i \ 4 3 \ 1 :jJLu^Xl) j^SL<_L-tu 3 j 3 ±j ^j-J ^SLU ^ ^ T I 4 _LajljJI ^OJj-L> ( j^ 

. (ljLISUI !_l* 


4_jj>- j L>J I oljl jl^JJ L^jj^LLc julc. 4_jJL_uJI LgjLbfcai, oL 

4_jj>-jL>J I CjIjI JlU lIDlu ^3JI CjI ^ jl3 i-LL 1 jJ 43 j JlJI 4 

cj Ljj^iiSLI V I j Jlc. {^£i 43 L£” jJ jj j^tHJ I I jjt ^c. \ tiuJjj . 4 _ljv. j_<5 cj Ll^-Ju 

CjL-L^-cIJ 4JbaL>JI Cj ! jj?e_4ij 1 JJl c. ^£s 43 L£” L^JuL3j 4 4_iJL_uJ I CjLL^-cuJI Cjlj 
jJI 4 4 ^kJ! iJ7 ^ Oj-lj^ 4jj_3c_j 3jj_>J, I oLjjj^SLW! ^-Tl^Tuj .4 

CjIj jJ ^^->.1 CjIjI Jl^_j ^_3j CjLl^s tiJ I 4 _ljv. j_a CjI J^ e3 ( Jll_>i_3 (jl (^-ij J 

(j j)5LlLu.4i 1 1 3jjL?t_43 
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t?dd 3 t4_jJL*JI 3jlj 0-J I djl :>»jdl ^yi>^_*ILl I 

djlj — 5e_3J! 1 g»4l j-a d_Ij — H j l_4 

j I \-A>£ !j^ 4. 


J— 

dLij^VI 

t 3 JuJus. 1 dll ^l_ 4 _i J J 

3j^JLj (j^*3 dJLJdjj . L^JM^Li cjI ijj^i^LlVI 4 _c.j_4^e_4 ^ j-3j 

Jddu J Ij_3IL_uVI ^4£. £ya 4_JLv. ^1 C-cl3lul JL9 4_j ti 3_}La 

L<o- 4 t4_jj>^jL>JI L^jljlda dj V 4-ail 4 _lj! J 4^ 

J^O]' 

ui>^< ^jl s tdj^Lt-^jJ,l 0 L 1 tiJ j-^l_L*J 4 j3 ill cjIjjJLJI ^ 4j 

4-0- 4-L^C-t Tu ^J_0^>0 3 J-5C_£ 4i^t_4 liij li J) 1 < J L>J I J I jJL I ^yC J^3tHX I 

J? 

dj|j_?e_3_Il JJ C. I (_uJ 4_L?t tfuJI 4_t_J \ i—u 3jj-^J,I dJ I Jde.) 

j! jj^>J,I tjjj — 3^-lVI <i3 ) L^_aJ t c_jj — 5e_tj ^4_L^t — tiuJI 4_c>- j_4 

4 _jfc^j _4 4_J^Ll».|j UjJ iSJVI 3jje. dll ij^iSLJVI ( jyC 

d j V I <-_iLlc. ^^1 I^Ji_s Jj i^> ^dll 4_j_t-^L>. j> 33*i 3jUI ^jLb t^l i^>Vl 

4 j3j^ j-tfLilil I ] ju 1 _La ♦ (jy jj-^LI I ^Jj i^> ^dl I 4jjJ-*-u-l I 3j->J I 

4_JL>. Uib 3j jJI (jj& dt_j_5t_s 3j^>Jl djlijjji^LMI J-^l -i4£. 

Dopants c__ til j d 4 _£Ll^I 3 ^£Ls dj^. L>- Ll& . j l^id i_u^l ^de. 

L^j) 4_JI — i_o cjIjjJL ^ 13 ^ 3 ^ cj^Lt-ssjJ.1 t>Li — tiJ ^_t-^l_LC. ^ — II 

4_i> dj|j_?e_s L^_j) 4 dj Ij^JLj ^ 3 ^j>J I djLjj^liSLlV! 6 — 4 

4 da j l_$_4 (L^JI 4-de-tTuJI 4_tJI i_u 3j^>JI dj li j^Tt^LI V I t-_iju>o 4J_3e_tfuJI 

L:? d qj^jIj < <itl) ^UuVl 3_ili, ^j^LII 4^13. jIi-4-i jl^_ddul 

.(4JL>JI 

C__til J d 4_bLt-4>! ^y£- Q^SLJ-J cuJI £yC 4_til i_u 3j^J_l 

As 1^ P jj-3 (_uj_3J I ^Ji_« di>L-o 1 1 > Li tio I ^j -^ 3 1 3 -^ j <-^ i_L»J 

L^i£iL^I die. t til j-tiJI t? -id t t 

Lt 4 ^ ^ci i> 4J t4_ce tiiJI 4-JL 


* Ui^T^rJ- 


uil (_^il Sb (j^^duVl^ 
3 j^>JI dili j^i^LI VI J> de. ^ 

j> 

3_« jJL I4] j-<i Negative-type doping 4_JL^JI c_xiljdiJLj L:r ^ti 
jl j_« L^j ^3^ ^^1 t^ — <-^L l*JI <dlJj ^LlL>.I Ijj c_<_j — i_uJI N-type 

Lj^JI j < “II Cj~a ijA ^- ^ djli oM-t^^il t>Li — ti/l (j_a 
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£y$ JJ-C. ^J_<3^>i_s L^jl^jJ Cjljl Jill (jl (_ t -L«u l_<a_4 t(j^L£l<JI 

4_SLJj I ^jl_3 t(J^£Lllj t_uJI ^-1] ^C-Uji^JI 4^l_t^l JulC.^ Jlj Lj^pSLJ I 

3j jJ V I j! jJLLj cj L j^TtSL! ^ i daJla jj I 

Lj^SLjJ 4_*_jj V ! Q^SLiLu-J I Cj I jjj^jj £-A LjJ^Ti-cIiJ (« i_j »2 — 12 ^JSLcuJ I ) 
^_J_3J)^JI ^yC ^S>- JlI>» I J 3 Mj L^-Lu t 4-L<a-A L<_gJ 4 lo ^ Ij) L*_« 

JSLcaJI ^A> U£ t4_La_sl^JI t>Ji_& t-fJjLiTuJ V 4_J1 i_o 4_L?e_tfu 

l_L*J ! t? J-tfc dilj 3 4 _j ^j_33 ^jJ! jjjJ! 1 — .(4 — 12) 

cjIjIo » 11 cjL?c_jL1,Ls L^_jl_b i 4_J 1 i_uJ! q^SLlL^J I 

. cj L j^jTtSL! V I iuill L&j^j c^i ^ ) < ^1 13^ l Donors 

^yG 4-C. J) I /.^i I> I (_d^_j|^UJI ^J-^ 3 1 J-& Ljr £l !^y Jj. ! I 3^11 

4J_oL>Ji Cj V I ^yc eiJJj t 4_jJ 1 i_uJI 

c_sL^3 (P-type) Positive-type doping 4 Sj^L ^j—j 

(2^ 4 Cj^I u£> J_U t?Ll till j-uZiVlc. ^y4 J. jua. 'lC. C__cjl J tlu 

j ^ j — il>u^ . B ‘Gs ^ j — jJLkJI tin ^ j — j I 

llJjl uaJ («_>-» 2—12 uuJI) CJ Lj JjjliSLJ I 4 j^Lj L&J ! Jl_4 


3 4 J_t I 4_*_}J ^ I Cj IjjjjTtSLl V I 4_U3_A> Lt-qj 4_La_S $. LAjI L*_ u aJ>. ^V^-5 

^Ic-j . ^ 5 — 12) — ifuJ I L^ t <j ^£L jA_j — <_ ui ! 3j .Id i£j<J I j I 

J ^1] ^ J jJLiJI 3j j j. 3"i t4_Jl <_aJ I (J <3 ^yZi J 3 'l 11 

LtTu-tjj ♦ Q^SLlLl<-uJ \ 3jj 4-ua_A»l <_ullll 4_La_sl^JI 4 _j ^uaj Jj>. I j 

^^_jJL*JI 3jj ! ^1 jlILj O.J ^-5 t^jj^TtSdV I I ju& i J l-^' Cj 

^llL>iJ 3jj?e_ti]! t>Ji_A>J . 4_iJ>- 4_L?t tl/ ^l Hole 3j^r t?U_> J 

J Jlc. . Lt^yLc-d i_s 4 _JL_u 4-L^-tTu ^ j I ^J! 

Jl 

Ljr £i jLpJI Jj t^> ^3 ^^yJLc. L^jjj^ jl 3jjlJL> 4 _jj>- j_LI cj! j_?c_3JI 

4_i_i_t_ulll I iHj^Luo^I! o Li-Ju T t4_cv^J,! Sj^LJ L 4JL>JI t>Ju^ 

l ^ l"i ^"< 1 3^>J! cj Lj ^ I L^jJj i_j j >o ^3-11 JJ I oj-& ^ 3 

Jl 

.Acceptors cj^LlZUI ^_t_uLs 
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^3 : jJLusaXl) (^j> ualc Cjlji jrt 

. ( t_)L15U I l_Ldi 3 U ,,.1^ < J5LlJI _u_j 



ir, (jL>oj _lxj tjj 
L}_4 LajI-l<>j . 

4_La L*j I ^_) JS-lU I , \ i.£i\) : j_tuail) .jl-d.1 I ix£> t> _ y £ L_ 

.(ljUSU! Ll4> 


12) JSLjJI 

j . l_^j Ga 

xJ luJ I 3^J>u2 
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Algr, 4 i a.j J ^LLUjJ \jJJ ) ^-u£j3 

ji 

d-iL 3^-U ( 4_l».jJU^ 4_J1 i_uJ I ) 4 a 1~ 3r U CjLcs: call d-ilj djIjjJLJI Jlju 

u. * 

4 3 is^^Cla 0->->. t j ^Tct-uj-j IjdJ I L $_Lc i_3Jldj 4 _j i_u_o^JI 

.Junction Transistor JI fu-uL> ^ ^ U dlta 

Ipll djLj^SLt, 1 j lo j lo 1 ^ < n j (6 — 12 j jSLdJl 

4 lo « (i 3 jj1j *E 4 J ^a^jj Emitter o-c. LJ ' I 
t s~\ & j- C lju cr ‘ i (N-type) 4-bt-jJ I 4 _j_I l_i_u dj^l is~> ^J.1 ^Lt tiuV 3_il_c 


. djLjjjiiSLIVI cjIjL*_uI 

dj^L^ -aJLl ^Luii {ja 3jLt 3 jjJL J-&J *B L$J Base 3 dr-ldill B 
C-lC. Ll! I (j-u (P-type) 4_bt_cuJI 4_t^.j-c 

. L^jyL>- Li <GjuuX\ djL>jjd£J}Ll ^_^_*_uj dx_L5e_j 

J> 

dJUIl i— sj-EJI .C ^_4^JLj 4 J yA^jj Collector ^^eJJ B 

i?Lj dJ £jA 3_}Lt, 3j^L y~£- 3jl lC. t-uj-ll^dJI 4 

djLjj^dSLlVI ^4_>o (N-type) 4d_3e_cuJ1 4_Jl_<_u 3^-u^ dj^Lt-o^J,! 

. (cdC.l_lil) (JjV! Ijdl I L^jJsD ^A 4IAJ-U1 

j> 

i-SljJaV 4-3JJJ.I 4_tJ>*jJ,lj 4 _lI 1 i_uJI djl j^LJI c_-<-Ujd yA j 3 ill ^ Ir.j 


< £ !^_E 1 ( c_ujd i NPN ^_l-uLi 4^^! djl jOJI ^ja JjLcoJI ^-^dJ 1 

4_^l^_Ei c_3JGj PNP ^_t_uLj djlj^li ^a 

.P-type ,N-type .P-type 

djL j£a (j\ j dj>L^>jJI £—uz>j. 4 j3j^ («_>.)) 6 — 12) dal I £j\ juj 

(_ jClC . y is~> ^A dj>L^ jJ I (jA j j£d(J dx-pe_J NP N ^J-tl I (jA jjTu-uj-J I jdJ I 

3j^U 1! (_yu 4 JL-^ j 4 ^lUI j .3 jlc.I_3J! j o cLJI j VI \j 

.n j-i l^dJ I ^A—L . uJ t dJ>L^> I i to & < 1 1 I Jlj5> ^1 Lc. 

(BJT) Bipolar Junction ^L3ilVI t> < U4 ^La i^yjl j^lL 4JUJI o iu* 

dl J^l! yA ^^dJI Ijafc ^ 3 4 dilLj £j^ja .Transistor 

. 4j 3 jJ I ^y_AldIu3 ^^y-ij. On/Off Jlc. jl ^J-L*-dd ^LuLfl B 3 JlC.I_3JI ^J-3j 
4_djl_3^a joJ jj (jt £i B 3jlc.I_ 3J! ^1 E cdcLill y a jLdJI jjj-q <-— <-< i-dd ciujv 
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jLuJI jjjjJ, ^Jl (^jJj L^_4 E C-<-C. LlJIj C ^^jaeJLl £j\ J 4 i'<~i arr 1 a 

qL^oJI jLuJI i jE^. ‘ckH 1 EnJI uty *\ jol I 

(jj£E LfJJjLjj E cilc.I_lII ^1 B 3jlc.EL!I £ja pjjj-a ^•^- c - cr^! ® 3 jlc.EL!I ^1 


hxy »)jk 



H 

i c 

o4£Utft 

B 


(!) 


B 

S-LPUit 




^ < iij 4_t2 ( ! ) NP N £^JD 1 Lu^j I jj) « < ii^j 3j3 u^> : ( 6 — 12) tut I 

C 4-Jl i.iTI CjIjjJLJI ^j-o CjljjjJillVl ^Jl, 3.T)I 4_<J uJ£j (<_j) 4 n P> 3t w UjU^.'i 

,'u 3 Vi ^3 :j, \„,i^U) (->*) B 3 ^ulL3JL] 34^_jv^X! u3L_4,l j_3il J_L>i3J Ej 

. (i_jQSLII I Ju±> ^ t— * , ., | I 
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4_c.l 


J 4_j 


^Lui(i L5 L«j15Ll4 j-PG 

uL_u^l 3 jUI) o^Le^jJcl ^L — col dslj j> c__cc.^LjJI 3 ! 


^Jj cL-33 c_3Jl^j V Lfc_sLul ^SLeclII 3 L^_LJJj3 3 j>LlIj (dl I jj" < Ijdl I 

^ jr ic . 3 j) j-o ^>JI c_£) Jl^j La j Jc3_i t^JLuaJI 4 _j_aLcLo _}1 j_c ^1. c. 3 j) ^aj>L I 

L^JL&JkJ 3 Oj ^-0 I ^_>- 1 I ^33 33 7 j-c3-c^ 3jciJo- 4_oj > 3SJl ^3 I ^ co 

oljJc3.ll O 1 3 4_ftjj_cuJI oLecoloJI oL>J L*_c ^j_c 3 juJl>. JLjvT 4_c. 1 1 

3jujc>. ol 3_uo L^jI d£l 3 jUI j j» ^3 4 .4 _jJL*J I 

j? 

4 -g&-pj£' BjJLuaJJ 3jLtl I 4 J < o3SL ol 3 /^>ll ^jc&j . cJ^ 3 -41 ^ 6 4 JL^LLq 

^3 {_y Ci 3 4 J fj-l* ^ d )- 4 clf ^^- 4 3jcsu l-$-l 4j^r to < nil 4o. 1 cu_l I SjLjJ 4 j»j ilo 

JJwlj 43_cl3t_c dcilS - 3 I Julj ^_La_coVl 0ju4> cjr^" l^3lj^ d )- 4 jjJ-J 

4_3jL_o (Jj) i.^>4 LjOt LeSj .j_c*_cdc!l 4jl^r. ^La-il (J-J-3 3jLI.1 qLl-co. 

4 ilc. I3j cLLcuj ^j-c j-jj - 5 ^ ^ cuVI 4_>» 1 < i< c <>jLj 3 13 n iLSJI I j_& 3- 4 

t VLec ^Lrto-Vl 3 j-l.iS dLllo> 3- 4 Q^SU,! i_cA JJI jJLs LjcLl 1 3l3 t3jl II 

3 -&-S I Jli t4_l cL_JOO 3 cl j£. \ £-A 3-^- I 33 J V 3tJ - l - 5 3 ^ 4j I Ju>el I Lllb 

(_£ j3 cu_c Q^SLl! c_cA jJI jla CiLllo. OjJu-^ La 1 3 1 4 _jT Jl_u . 3 «L»- 

^ Jiit3 — cuj'3 r ^ 1 1)J 4 1-^J^^lc.Lbj i ^Uj — juJj J-C-3LJ dLj (jib i J — illll 

. 4_j^ 4_uLj_c_x£^ Cj l3 3 ~xl.cS 

(jLc-Ld jijl — Lebj 3^ LJ- 4 ^ 3 /^> i JJD- 4 d)- 4 ^ I c^r^-J 

l^-LS^ 3^ * 3 -jLJ I I jjv j3So 3 jj3 aLlSJ cjJl^_c i _ zr Ili I 4_dLJ I 4 HjJij 

< t* t Jd jl Lc Lc-1 4 b ju_*-c j. J r. dJ I3 La j 1 LJ I Lc. j A I j)IM I 

j I I ^__cc_>. 3 1 3-^3 4 Lei liij I 3^ ^ 1 3 L-lco d! L_a 3 ^ d-u . Lij_j . << 33 

jl ^J>* I 4JL>- ^ 3 4 . 4 _jSLj coMSJI 3^ 3''-^ 3^ I cjr^ ^->u 4 jj_iLlII 

^jeeJj 31 1 cLa co ^3_c 3-C. I4 J 4-LulX I I I j-uu i ^ L?cj>- V I 3 j-l£ 

4_jj_iLlII _)l j_II ^ ^ 33 3-°J 4 L^L_et_>. — 2wl 3c. 

<■ - / I L)"(J ^^yjLcIL I Jufcj 4 3 Jo- t _ y i C " <: Lj- 1 3-*L 4_l_l_l_>. 3^ c^° ^ 3-^ ^^33 ^j- 4 dJ V 

dJJj ^ 3 ^Quantum Theory (^-dll^SUI) ^SJI 4 jjJ^iJ M clfT U^33 

1 ^ L -v. j 4-tSLLcoMSLl I 33 ^_u 3 A - 3 ^ 3 ^ 7^-^t-cdj c3 jl^j oL co_i ^iJI 4 -jj. I s < 11 

3-£- 1-^3 Lcco. _iL»_i I 3-33 ^jy3JI 4 jj_iLJI jl jJ,I ^ ^3-co-c ^yic- 4_c3l ^-c 
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J A J_Ut3 (^Q 3j| J^J I ) ^£LII 4_$J£j . J 3_ C JjL3 100 

i La (Hi 4_jjj>o j! ^_j ui2j 4j?e-uj 1 ^jlr. is~\'xs £) I 4 j ^ y » is > I 

(j-o-Jj 33 a Hj 4iL*_i_<JJ 4^LLsJI 4-u^ jl JlHc ^£U! j_ulj cH _jj*. 

Cj Lujj3£J >U 3 3 II Jj_$_*J! ^£d! 4jjl3j JlJUJ . J-<^ <-u_4 ^jU 3uJ 

1 $ if. L;r lf- Vj Jlj V Clu_4_>. Cj^L<-£sjJ,I jLlHLi 4 3 1 »3 1 1 4_j_$J-*J! L 1 jjj*_lI!j 

. I Jljjv. 1 <> (3) ct") Cj^Lusd jJJ 0 LlH I ^y2>\ jj»*j 4 » j i lo ^ g 33 t 

L£LuL£L-J_« ^yC J J is^t 3 1 ' ^JjlH ^ ^ 4"m 1 LtSL^J Lfl jLLs! 

3 SjLul ^ Quantum Mechanics 3 \! j£J!) ^Jl 

J J I £ Ljj_3J I Ai I HU 3 4 j I 4_Li_j <_uJ l2j 1 slfT j 

4 — <_u!j_ij ^H$j ^jJlj <(^3 j! j£J!) ^31! 4 — jj-L3j ^_ jr lc. 43 Lj — i_uL_u! 

Jlif. J . ^^^y-LJ-LJfcJ I t ^JjjJ I ( jJ I La. I j3 <_u_fl Jlif. 3 J Ltl Li! jJ (_uj (j-£j I JJ*. 

V 4-L£LH j *J!j t 4^LkJI 3jl t! l jys I jj*. (jl-3 (CjLjj 3 (_uJ,l o JlA 

Cj Llj-i->J I J I ^L?ej*.V! Cj! 3 J I jl ! ^£ <_3 jJ l_4 j_A C-c-jLj (Jjul^j j-la33 

s> 

j_}_utlli] 4_u Ljjj j! I ^3 jjj 3^- 3 ! 3 -^ 4_tb c 3 lo j3 jJI i l^3 * O I 

c 3 <^>j ^ lr. 3 jJl3JI L^J ^£L1! ISLuI£Lj_ 4 (3j_oSLIl < n'v. Vl 4 ^j>. 
jHa jjLlII jH_<_u_x3 i 3 j 4 Jj Ljj>Oj_ 4J i 3 j CjIj jJlj oLLjj>J! ciJ j-Lt-u 

. 4jj J Laj Jj>*!jJ! 


Moore’s Law j>4 

cjLj-LG c 3 ^ Gordon Moore jj <» jj£ ^ 

Hj L) j< ^ ^-Lul Jj. 4 H 1 1 Intel 4^^_«_U 4_^^_(_u ^j.u-i_<-uLj i > 4j 

CjIjjIu-uj-jIjHII JJlC. <Lic.LlH_ 4 (jl£Lc^ I ^£1 4jI (CjI j_u_u — jjj_j_uiSLII 

Central Processing Unit ((CPU) 4jj^ jll ^JUI! ol jl^j ^ 

Processor ^JL»JU ^ < <il 1 l^j 1 y ^3 Lc 3^i_c. (_^3JI j 

^ j 

j-H< — i_ul Lc 13! 43! 3^>d! hU3 jlsj .j^ 3\3 4 3 K3 (jjj tiU3j 

^3lj_H 4^13^ (jib ‘4 jjjJ 3jj^J5J Cj !jj3-(-uj-j 'j3i ! JLC. c_kc. LtH3J 1 1 JLA 

j_jljjJ! cjLjjSLj ^j-o L3 jSLa SO j^tj c 3j!t3 4_^ jj^3 i_al! jj^-LL (_aJ! 

U ^^yJ! 1975 ^1 *J! ^JjUtj <^3t j_33j 3 i_u 4JLal£3Lt! 4 j3jj3^J^ I 
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M^lUl Lai) >£12 1 

g-l -.r, ... VI I jla <_3j_*jj . 3 jo- I jJ I 3j^ I jJ I (_^J9 £)_ j£La <— 3J I 6 5 <_ ;r lc. j— 

_<_uj ^jJ! jj_« (jj-jLoj 

oJI 3j_^o-I cjL>JL»_4_j 


JJ IjlU ^ 1 i 3" till. I JJutJLs j-ilt-H yj& 

j> 

c_jl t n-v. yjQ jj3L3Jl 1 lXJt y^C. Jb&TiC: I JL9j .C_t 


4_J_lVl C_<_<_u I JO*J I CjL>JL*_< 3 ^LL V 4 3j IojJ (J-^toJl I Jlsljj3 (_uj-lljlJl JJlC. 

.(7 - 12) Jg ^.11^^^1^,2007 - 1971 ^3^1 J}U- 

JJ I JjU_uj_l IjlJ I JJl C. £)| ^LUL-uI ^-_lL^ 3 caJ tJJ^jJ,! J^LlJ I yl\ J Iq ( H-J 

4-Lui.i 3j" a \ I ^J^lo- c 3 c. L^3 JL9 c— * i_ul joJI JjL>JL*_<3 ^Llu! y$ 4 3 to ij_U 

. 3 juQ c_3J I 250 

jjLJI Lo-jJjlSL) 3 Jt^lsiXl GLcluUsJI^Qj) 

LAj-3jj 4_o- Laj^M Jjl jl < 3 la I \ (jj-i 4 jI “-^1 <^> 4^3 (j-ojJj 

^_2t_<JaJI J JlaJ! I Jufc (^1 j_to jll yA La l jjLcJ! Lo- jJ jlSJ3 

LajI JlC.1 i"t \r\ 3t3 i Jo- 1 jJI ^JLslIJ y£ 4^ JotIL_uJs I JJ 1 jj 3 i_uj_ijjlJl 

I JlA j jo-jj * jLjII. 1 j^>-L>- (( 2 ^ jjjLjI <J 3jI jj^ — <Jjj J» ^ 1L*J.Lj 

4-3^1 A y^-*^ JO-ljJI ^ ILslXI y 3 Jjljjli i_uj_> IjlJ 1 yA ^Q- AoJl JJl*JI 

s> 

y£ 3 J 3 » 1 1 4-uLt-uoJ ' oLl U jlJI £.|jO-I y£i 4 ItCj. (_uj C__< i_oL>Jl Jjlj Ji-0 


JJ) ^11 4oJL*_c ^ £ 4j !j Jc 3 4 4c. 1 *>>aj 1 3 Jo-ljJ I 4 _uLlI I yA 

*m 1\ d^Luu^ L 


J> 


i j_i III I Lo- jJ jl^3 Cj 1 J < 3j ^_<3j . 4-jj 1 1 Ij 4 _jj»_4 

4-^a Jotl<-u-U CJ IjjTu-uj-) Ijli I jl JlC. 1 4-lc.l JU^A yA (Jljl 4 £j ih C1 l-'SLa^> 

90 clLoj i La jLsu 3 (jjj_L> ^j-c. llUIj cj! >JL*_!I 

yAJ . Ijl_4 J_)lj 130 i _ T ic. JJjl A I J-C. I 4_<_u_^0- jilc CJ-! l£^ j I JULJ ljl_4 J_1 L3 

ciJJlj IjJLcj_iL 3 50 (j-o CjIjjH — (_ uj_iljlJI jLsuI J x^aj <j! jJ41lll 

j-43 (_uJ, I a JlHI I ciJLI j ^c.jJ I L;r idj . 4 1 1 3 1 1 4 ljl 3 1 1 Cj I jJ i_uJ I J^Ao- 

Cj1oJL»J,1 4_C. Luo 1 _o-jJ J-t^3 aCj! >JLjlI,Ij JSI^jJI 4-C.ll^o S 

j_^Jlj t4_j jlX I L^jIj Jl£j 1 A J j Jo- 4 _jL^_! ^j| Luj-3 ju^jl <_u 4_JL>J I 

Lo-j]j1^j jL^V ^Ijll-Vlj jl£^V! 4^jj1£3^I ^l^jj' 

Lq_ 4 i jjLlII Lo- jJ jl^J CjLj_L3j ^ lr. 4_ji^ 3 jj loj JuUju 4JLj JlJ 4 -lC. Luo 

CjIosJLjlX 4j J^- l I CjIjjU (_uj-lljlJI yA j2£"I jIJlC. 1 ^ lc. Jj uoJ I ^_p_l 

. 4_ujjl£J^ I c_./._<_u ' joJ I 
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£dUt 







L_ 


(. 

yt jxll 2.^ 

10,000,000,000 

1,000,000,000 

100,000,000 

10,000,000 

1000,000 

100,000 

10,000 

1.000 
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m ?Je 

f j=i>i J*1 ^ 
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i_ iti-\ 
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1970 1975 1980 1985 1990 1995 2000 2005 2010 

£Ui)|1 £J_)U 


I CjL>JLji_ 4 ^1) j_j !j_j j_olU! : (7 - 12) (J^LU I 

.2007 - 1971 jj-4 

. (k_)LLSU I I1 lj> ^ ‘^»~i ^j_4 JiLlJI) 


Lithography VI iLcLdah 2 L-£j 

^Lithography ^ia ^,V ! ^-LlLJI 4.J23 jj_c. ji Jj ^ 

^ IjLiHI J^-LaJ! £_ Jjjl (j-° lLU^j L^ILukLa Clx-uv 

0jufc ^ 1 JustTu -o 1 4_LaL_ujjj . 4JLal£jll,l Cj1j^I< (_uj-jl^I(JI j_j_La^j (JLss-o 

j> 

^ j <> u~T) ^yo tiUiij ^ 3uJl £— lL^j l 4 j 1 1?" II 

J_u-->U3 u Ur< Molds jl Patterns £-3U3 4lu* Masks 4_*_^i 

i I jJ . tluJ1 (jl jLsuVlj lO j J <3 t_J cull 

* -* 

4jj_a Blueprints 4_u_uL_u*2l cLajl^^JI 4J^J_4_> ^-jL^ill ojjt> juu 

. IjJiJ I JSLcuj 

jJi.oa 4 -o_}Ij 3 4_u^_t3s 4_* tfuV 4 *aj o Julj ^y=>jsuj 

j> 

^yc Substrate (4 3 do) tjr lc. 2^_3 i_uj c-cjj^-s 

j> 

3jj) Q^Ttj ^3 ^j_cj 4^jl^_<iuJI 4-C. Lu^> ^ jiitTu-uj ^3il o^4-d' 
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.(8 — 12) <^2! L O^-y* ^ ^ (J_uoVl j-Ls 

c_j jJ i_u VI tilljij 4 -jJJLJ I o Jufc (jy 4 _jI tfuUJI ^ J^c c to - v-^Lj ^u^SLII ^jl SJI 

St 

U I *■ ^1 1 (j- 4 J~y^ JJ Ju-^s ( _ ;r lc. l — ^ JL> ^ I $ JJ> ^ 1 1 i-La j_ilX 1 

. ^_£jj>*Vl c_jLuil 



I Lithography 2 ujUa :(8 - 12) jslhji 

4_ljj^!ISLJ I ^Lul ^3 

. (i_)ULS-J I l_L±> >_jJ p ■ ^ ya J5LHJ!) 


Nano-Lithography jjLJi2lj£j 

(JltJfc-jJI 4_Jsl_*Jl CjLujjIiSLlVl ^Llul dll£j (Hi Cy* ijVI Lihj 

Lp* jJ j_£J3 c n jlo y tjr Lc JuiItAJ 4_a JiHLa CjLoHjj JjI i_uj jlSJbV c-cjjpclll Ij 

^U-oL l—SjJU l_4_4 (4j3jJI 4_HiLb i_uVl 4_ol_p_t^JI 4-g.l lUH jjLlII 

St 

\ La-& (jLi2j^_L 1 ^ j 4 a jL^tTu-uj ^1 j 4 jjjLlII 4-C. 1 i lo II 
Dip Pen Nanolithography (DPN) ^j-^UI ^lHJL 4^L LI I ■ 
Thermal Dip Pen Nanolithogmphy (tDPN)^jl y>J\ JjUI ^12]L> 4^Lk]l ■ 
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£dUI 


j I JjUl — JjUI ^JlSJLi 4-C.l ilo II 

4jj jJI SjJjJI c_j ^ t. ./jijiLui Probe Tip (^ .. a ■*) jL ^ _a j_U < kJa p 

7^1 j_AjL> 4_i-aL>J1 4 j^LJI «Lb ^ Atomic Force Microscope 

(^jJI il mil I jL t_uJJ . ■ F ' t r 1 1 **- 4 

jI jX I JSLAJI UjSLs ^<1 jSLsj ~U ,.,t j Lt-«-u-I> I 4-<-u-<a^Lc JulC. 

4_iL£LJ1 ^ i_uLj 4_£j^_*Js I j 4^jJ! 4 _jJLc. 4_j_LnIlJ I o SJt j-£i j 1 c. 

jL^Vl clt ^ Direct-write Technique 3j tiLil 

3jl j_tl jljll u lr. Molecular Inks 

. 4-lIlC. J j) 1 J I jX I Lj 3^ l^J I < (i 1 ijr lc. 
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13 


uLuLuoj! 


1 ZiLp. Sensors ol ^L^JI o)_c 

^ to » 4 ^_JU L^jLaljgfcJ i_u! 

. cjLcLLl^ji j 4 dhy i,i cjUj_lLiiii 

JJLUail QjJb 

4g_uJI i^£> 4_LjJt_a CjIj-Ju ^j-C 4_<3J>-1_<JI 4_uLj^_ui]I 

LuSL^j 1 1 jJ . Cj Ijl ilol ^Jl 1 4 "v^j j 4 loj ~>Js I 

1 J^-* — 1 « «iVI 1 (jl Jj — flJI 

i<J_U 2 J <_U_ 1 J Lj_A {j\X> 1 _ll£ ^IjV! ^jyA 


i_^_l3 4_j^i juu^x\^ 4_siiii 

L_<j?ej iCjLiLuj CjLs tj^jz CjL_uL_u_>JI Cj^i JJ 

Lfcjl jT j3 G j Vlj 4 aliLb 4 _j (_uL_u_2t_i ^U-u (jl 

ci^VLlg>»| ( JiuQ t4 j >J.I e_Sj)jJiaJLi 
(jl ^JL-UJ l^.4_Jjl3jJI l_.<-t-uJJ CjL>.jJ 

4J ^1 « 4»'u^a CjI i_uL_u_>JI cJJj QaSg 

CjI^L^jvI 4_a jlJLaj J <^>u BjJuLl! 

. 4_j_>-jL_>J I I £_uu>-j Cj I j IjIL&V I j 


4 j <i U H gjIjLualiV! oJJb dol» 

-ilj — il Jl — 3t-a u — £ 4 — jJIjiU 
oJufcLlj La 4 j^jI_LII 


cr® J^Xa ^^iSj ,>» 

' ' ^ j 1 i**tl , ■■! / .i-^tl i j -lLs a_i 


j_<fcljia]| (jjz 4-jjlIn.ll Cil^-uuJ.1 
1^ j->- 1 ■--»_' JuS Laj <4 j«j .Utl 
«. . 3j-C Jufl Cjjl 
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£dUt 


jjLJI Ljv^J ^S&3 

JUU ^yC. jL» tTaTu-uVl (JL?C_-3 ^yC. 4 l_UL JjLlII 1 JJ>- jJ J_(Su ^ 

CuaJuS Jul3 t 4-0 J 3~ 1 1 jLt-tfuTu-uVl 3^ ^ ^ 1 J CjI l-u L-a->J 1 4-C.Lt.ua JI 4 III 

I ^ (_ul_) (jVI i—hjju La ^Lul 4 jjI£ujV 1 CaL>-jJfcJ,l j ^c. jJI ^jJaj j 

cj L>.^_^_a I j_>» I taXjLj I N anosensors 4 j^j Lii I cj L_u L<_u->iJ 1^ ^ L*_Liiu_u^ 1 

_} I jJ, I L$j ^Tl^Tu I Cj 1 t.^> I I J I I ^hJ-^ ^ Lufcj . jj LlJ 1 Lo. jJ 3-i^J 

Jdj .jL* (JL^_cj ^1 i-uVI ^^3 4 uj>Oj- 4-J jlj-<a 4 jjjLJ I 

1 (_PaLiit_j1j L^jjj 4_1 >.j Cj L_u L-u>J 1 dL ^L?cj>-1 jJlus ^^y-ALu < <> T 

3-JJuLuaj 4 4j3j ilaj CjVL^_« i_uj LajLa^jI 4_jj>- Lu^ I 

4jLc.jJIj eulaJI i I jJ» I j £ LLlII tCj^LualjlIj (J-3JJ1 (JLt_a 1 $_Lu 

CjLjI^jlJI t ^^y—ua j_3J 1 1 4-tl^i. 1 4_d^i i_uJ!j ^\ t4 i_uI^j>JI l 4_pe_uaj I 

dL-ul , m^JI La ^ I 4^LuVl ^-LuIj ^LsjJI j 4j j£> m » II 

CjLjIXI 4_jj_& J jJl>j ^ i_ul_d J_yajj 4_ukl_Lua 4 j3_} £jj& 4jjjLJ1 

LuajI C < 3 loj Jul3 4 IojtkXI 4-LuJt ^£i 4jj_u£uJ Ij 4_uj)j^L11 * 4 .uL_c-j^JI 


j-iCu £)l jjflull! ^j-a^ • 4 -lLi-lH jl_Laj>-VL j-uTJ Ij ^yU-uJl j^_AJlLII Jt-uaj <JLt_a 

3_}Lj^ <La jr,u 4jjjIjJ! jl j II ^llijl jJL^t.4 ^^y^ 4-Luol 3 HI ^>^11 

ji » ^r< ( „VI I 4 _J — luLui^j 4^4 _}!yp I t3jLU CjIjJu C_cc.^la]l iJT £i 

Oj-C. (j I Juu 4^ La Cj LteILLc ^jLlJI Cj L_u L_u_>. 1 Jdj . L?e_>. I (J-<2J 

Cj L-u L<_u_>J I lIHj .Jliil uj ( _ jr L»_£ i4_j-o^_JI Lula tluj Li 4 _jJjlu3 CjVI^c_4 

4_4jutli i_ull dil3 ji t 4 jj U dJ I JL>J,I ujIjjV ^JVI 4_« i_ull 

4jA> «: Lul I 4 J Lc JljJl^hj ( _ jr £ LaJljI^) 3 JlC. L_ ul c_j^^JI CjIjLu_u ^£s 

4 t _ T £ till c. 34 1 jll ^^y^ 3j Lu-u-U 4^1_3 jI 4 j 1 a c. <jl_ul L^j ^LLajj^l 

j> 

. Ji ij; uu3j 4 jj!^j>- tiJ^_>JU duj c L> » /^> dLLu _Luaj^ 

(__£ j_>J I I 1 ^jlr. Ju^JJU ^til 4 jjjL<JI Cj L-u L<-U->J I ^yjC ^JjLfc 4 JlJU Cj LLaJ I 

^ \ j l 3jl LLaJ I ^Laj j I j 4 jj>- j L>J I 4jjj>J I I j_*J I ^lc. c^^juJ I ^ 3 

Jl^ — liJ Luj-C I H .BjlilaJI d>-l j_3j Jd Jla£. j! JH- 

^Jjji luJI 3jLj ^Jl l^-la-J tilliij (J_x-£3 1 jUt I J-4-11 Ijuk CjI i_uL_u_>lJ I 4_c l_Lua 

. 4 3j 4 jJI CjLujjuSIVI ^1 Jl3cIu_uI Julj-jj ^JVI 
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jl^il ^JLse-d ^ 9 4_LI^Hil 4 _u5_L»JI cjIjL-^Hj^I I lx. a cjj! jLj 

Cj L-u L<-uj>J 1 i ^£1 ^J-ALa {^j 1 7s") ^JlSj ^j-o ^ ^xl I ^JufcLfuJ La J)j a >0 

^yc L$_o- Lxaj jL \ cj 1 4 j » j 1 L 1 1 j-& I j_LJ I ^l£ 4jj ILL I Cj I j j jt x l I J 

jJu>JIj 4 Lj^J I Jl>L 4x3 L£^ 3^L_L j (Jx3 HJLj i3j-aJu4 CjjI 

. L^C ^3j JlIc. 4_jxL_uJ 1 La jLj! Ju>J ! j I l l_££. £-il £_j j i_uJ I JuJ I J I 

4-C 1 m , 0 1 JlC.1 /^"(U (^g jJ i_uJI J-^-LI 4_ul_?ejl Sjj <-^_3 IjlA ^oSLajI J 3j 

^L*JL 4jjI_L<3 ^L*J1 I j_a jJ-uoj ^ jJ Ij iCjl i_uL_u_>L I <La juLil 4 L 2 J I iLL 

tiiij j — M.r< n (jl Lljj-c f 1 — ^ 1*-^ * %21 c? — J ! lt — L a Li I 

l^jJI Cj LlxlI I {j^ LLtxla Ui J 4 aarzuc* t L*J I ^ jTu-u- 4 ^ ic. 4.C. 1 < I 

<jl y L" nj I Jxfc . 2008 ^l_*JI CjljLxLa 4 j^Lj <Jxaj 

CjljLxLa 4 _uLL jat_j ^ I 2013 ^L*JI 4jL^j ^3 ^3jJI I Jl_A c he. I 

. jLxii! <— 


LLj^La JL 4_j^jUil LjLu/LuOtJt 


4L L-c 4-jj is\* llj 4 -uLl^-^LII j! jil 5 ^Lc_3 U 9 . I I Cj ^L 4J^ L_4 

^lilu . 4-tC.l < H J LJIj jLiJIj cLLllI ^Lul JlL 

LLjjl j^Iaj (jyLII 3 j_j_LiJI j 4 j-^LJ I jJLJI oj j L ^ I 4lS! Li I 

4_lJL*J! 4-ulSLf.uJ I 4LLSLII ^^LLoa \-u 2 yuzs>- i_uJI J-LLlI Ij5j-L_A 


jj_LaJ I ^Jjl I • 4 _j^. Lu^aJ I J^L Li I I J ^_2 j j I 4_<i_>- llLc (j I 
Cr lj_LI J^_AJuJ! ^yjCi Ju Ju0, ^—ti^ J) J >L ' ^ LJ1 

4j^Ls 4j>-L>JI C^e_u-sal i^Jl_*JI ^^>.1 j^LL-c ^JjjJI <HJj 
J u-aj L^a_ulSLa]j 1 j°il ^ £ ^jjyc 4_4juLLa 4_^>- jJ j_tSL L 

4_j_LajVl O^illl 4 _l 3I^_« jljuclj VjlL Ojiltil CjL^U i_u_o 4_*_iLLaj 


. 1 ^jlr. 2 J) L_L_>iJ CjLL_L I (HJbj 


cjljLiJI l-£> LLTi£~ I j ju-£Dj lj:r £i 4-^a jLtTu-ui I ^jLJI cj! luLu>. rM^i-v jLj 

I j-L-j (HJ i 4luJ I Le_d ^ j £y^>- LJ 1 ^ i-Lt-A L ^ j->L I I \ 

^ 1 1 Ju-ajJI ^JLe-d (jr £ cL I?4 ^_u_jJ j, j L < U 4 -aL-LLc 4^J La 

cjj! jj_ajuJL J-Luii ^JLe.4 iCjljLiJI j->Ll oLjii (J^xs jJ I 
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4j^jGJI jl I jJ.1 j. j jug . ~>o <JI st_4 ^JjfcjJLl ^JlSIJI . 1 i-bjl 4-u-uJ I 

cj^LjLcj jjL]! _}! ^j-o 3 Jlj Jlj>» clAjLLs ^LGI ^jl\ t( yLu±\X\ jjji? » 11 

J> 

4_42jI_3 Cj L_ u L_u_>J I 4_c. G^> ^ jLStTu-uJ 4_a J r,H lIHj 4I1jJl^- 

. 4j 91 UU liJ^l i <il (J^Lj L^-cL^3j L^GjLG j J _p ( _ 7 Hll t4^jJl 


4 _j^jLJI jjjjiJl L-colji uULa> 

4_*J1_j 4_pj_Ai Carbon Nanotubes ^ c-^G? cx_. 

4 <3^11 4-lLl J I L^jLoI Ju^U ljj I _i J lAJ ^^yJI IjJaJ dJjj 4 -u-lI I (JGt_4 ^ 3 

«^<U~ , ,.~j . CjG_uG_ 4 j_>JIj jL» jilu. i (i VI I 4 -£.Lu ^3 i ^"i a>JuLa> ^k ^G 

Cj G jJJ, I (j-\_jjuj L-k Lclu^ I 4 -LlL^ (j I jj 4 jj_j LlI I (j I c-t-u G I Cj L_u L t-u_-%. 

dJlij ^ 9 4_GLui_j^ 3^Ge_)l 4 -lj-A ^^yLc. 3_}j :>. j_tl 4_G 1 

juJul\ Jlj-^j ^ylc. CjL_uL_u_>JI dij ^k <-jjJ ljj] JuGjuj . 4_4_!Ll 4j3JlJ 

CLljQJ. ]r\ ts~>\ La llil ciJLGj l-<-uG V 4-Oj. 1 1 4-ilua jJ. I (j;7 k 

♦ 4-u L la-^-I \ 5jGt_jVI ^yc 4_ulj^JI 4^_j_JI CjGjJLo CjGjjjv l ^ » -a C-<_G_ijjIj 


(JjUlJI <t^^j>«JI 4 _jj_A ^ lc. ^uGJI Cilj (j:7 k a <11 jl 5_}GjJ! jljG-o t—akjjoj 

c-uLiljl Cj L_u L_oj>- Ju>.^j La JlIc. tJliU ^j-L.L<-u ♦ L$jGjJ^j>. 4_i ib> ^ jJI 

(jl^ t NO 2 Cy ^. ' ~C jL*-j 4 jjJ_« 4a_u (j;7 k 4jj_jI_<JI 

^JlC. ^k 1 i^i 7} \ c_< jjGVI lLUlu L^LjLujI J lC. c_— < t i_uJ jLiJ I I JuS> CjGj^v 

cjGjj^JVI jjlc. cjj I] ^U1 ljui . L^j cj! 

^G_>o L^jI (^1 tCjGj^IiSLJI 4_*_u_u ^ 3jjJ ^y^jL>JI jIjlIG 

4 Cj GjjJlSLI I 4_u LG-J j-^>* V I L&J I J ua ^ \ X^J ljy ^ cb> 4 ? 4 Jl>» I j o3j 

t2y^>- j^i-u-I I lGLujI . 3j*dZL (_u_« ^ 

GjjliSLJI i-^jl.^ 4 4 jj_iL(JI c_t_uGI 2)- 41 4 jj-j-j^ iJ yj>-jL>sJ! <<i IG 


Li-42L 


G-^sGj cJ I ju 4 _lj_ 


4^ jr ^jl_>JI LajI jua 4 j (j. 

.4j^jGJI 4_j ^ u>U 4_UJ^JI 4 j 1 4^> jJ.1 


jLc. 2)1^ t u^ ^jijG-uJ \ ju 4_4i^l (j^G jLc. 2Jii ^^yJLc.^ 

Ju>jj QJJ^I ^4X1 L<3_aG_4J_43 t\ (jyk ^Ul jGjt_J £-A J^tlb NH3 

J I jG _4 ^^y^ 3 ^Gj j IjlAj 4(j_^j^SLJI 4 jj_ljI <_ 4 jj 4 _GLujI Jl_Lc. 
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4 j 1 3 ->J I j 4 _Jl^_3lI,I l-JjLscIlH Ct 


jiojl Jl“3 j . I 4 ] 4_uj_^JI 4 _iL-ojJJ 4_ 


_*a-u 3 


ju Gj 4 jj_j LlI I j) j jj£U I l_.<_u L T l 2 j 1 i_u L<_u_>J 4 _uj_£^LI I 4 j 1 1 /> j_I, ! ^ j) I 

ujljUJ 4 _uLla_aSLJI 3 ^Lt_sV I JliLujuJeu l__<_uLV 1 ^_L i_ul lLLujI JlIc. 1 ^ ^ j 4 

l ^LuX' jl-^i j_u_u^I (Jjl l o^->- jj-Tu-Ll I 

. ^ ^ (j^J?e-Lca^V I J J J ^tJ- 4 ^ ^ 

BjLto VL 4 _ul j_$J I 4 L_lI 1 Cj jL ^J c 4 ^j _*_4 (jlSLcI ^j-o I ^ If.j 

La 4 luj_& Ju Jl_>uj jL*J I 4 _pa i_uj jjLLal jLb 4 4 _Ll *_4 4 3 lo I a 4 -u L -C-^LIi 

Jo Ju>o 4 _ij_ju-oJI £_ £*.jOJ . joj_LG_J 1 j 0 _ 3 C_lI 1 (j c 3 ot_j <Jlj 

j)l ^jSL^o 4 oj-uyL! 4 jLij. 1 1 <lAju 2 ji .1 jlj 3 _-a j)I ^ Jl CjjJLM jl LlI 4 jj_& 

^jo^oj . 4 _uLu^_j^LJ 1 SjotoVl (j-a 4 3 1 " - 7 t-<a £-J j_J J jl>-j £_a ( jl jjo jl) 

Qjjj^LII u-ujLV 4 _u*.jL>JI ^_L i_uVl 4 _jJoju ( ^l i_ 3 Jl$j 4 o'iK a CjLcoI j)V I 

4 _lC.jJI JlIc. ^ Jot 3 <_uJ Cluoso 4 3 1 " 7 r 1 1 jX jjJ I £jjj| j>_a (jjLSjo 4 jj_)LlJI 

Jl 1 c. 4 JHI (J-u <-jj (jjXdlS . 4 -qLl^JI SjLsoVl £-J j )1 i j r A (j\Jua> J J Ju>o 

i_ul_j i_ 3 jjul 1 I j-LjoJI £-J JJ ! jya 4 3 1 I 0 J 4 j^jl 3 ^U ^_L i_uJI a^LL 

4 jj-u 1 c- 0^0 (Polyethyleneimine) u^l 

j L*-tfuTu-u 1 ^yc 1 ^ ^ ^ LG-u i Lu I j Lc. J j L* tTuTu-u 1 

Nafion ((^j^-lbLcJI » 4 2 ? > t^> J <a_»j LG-u I j-& . (j^>- j^o-uJ 1 jo i_u^i ^oIj 

jLc. jL* ifolu-ul 4 j^_u V! (j^SL^o (jr^- ^—-LaJU ^a] I 

. J-Lcu^j jLc. 1 ^ t^r ^v. 4 V\ i »l jj ciJLI Jj i Lu 

jJI ^oJuJI ^JJJ l_i^ ^yC C 4 ? (jVI ^J-Lu Jl^ jJI jJI J i_uJ \j 

1 ^ TT Li < II 1 I^ys^yiu JJlC. 4 jJJ LlI I (j ^J^SLI I L-t-U L } 4 _Uj_^J I 4 _lLuS J_ t I 

^Jl J i_u_J! I JlA £yC. 4 _lL>.yLJj S 4 -U Ll 4 -^J \ Juvl £-A lLs! I^J^LI 

) JL* luTl<-uVI jl JlIc. 4 ul JJ (jl 


LV1 0jufc ^L 3 JJ 4uL^ 


U£" 4 4_uj_^£' S^u 1 Ju Cj I j-LaJ 1 Jo- 1 j m ^ ^ iL» 4 (j’V 

cjLjJLc jj_<5 (JL>. jl » mm « n^fl 5j_^>. 1 j-l^-j .(1 — 13 j — tfiiJ I 

tjy^£- 4jjLc LuLjjow. ^ I ^ ^ JlC. ^ & (jl-^ 4 4 -U Llc-iSLI \ 3j 

^_l 3 jlaJ LlI Lj 4 L^J lL_UjuJ 4jjj LlI 1 j) jjjSLI I L— <_u L ^ J L>J ! ■ 


/ o^- 

3 > s 



^aJI 


jLlIl ^_l£ Cj Lu ^J1 J jj La 4j-uu ^Li 4luL 4 _uj_^LI1 L^ILJLl^ j-o 
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4jjJba 4Jila-La jL» tTuTu-uVl 4_!L>- Lai . 4 -jj j. 1 1 d^jjjJL 

UllL j-JlIj uojjj^l 0 Jl^J 4 -lLu3 jJ. I (jL^ l 4_u Lua-t^LI 1 3>itjVLj 

jJlj l 4-Uj. 1 1 Sj^l jJL jLuJI j_ulj ^ ic. ^.a5L»_u La tS^LjJL jl 

♦ 4-u Lua-t^LI 1 3^_5 cjVL 4 3 lo< 1J Cl} ^J1 l^_CoJ_4 



2UjjLJI Hi luL-ll>J I Haj^-La ^ ^ 1 •>< i p - "j : (1—13) ^jis luJ I 

tjljJL>JL} HljUJI JjLuaUI 1 ) o ^ j^SU 1 l^uDI q jo 4H)j^,l 

^SjjuJ I ^Sw«j_} ^JLjJLjj LC Hj^SLII 4HLu^ 1I p-H ^^3 j_ujJlj (i_j) Hl,„>i"nTI 4_jjjlj 

- f 

(ljLISLII l_ufc Hi) J^ a 4l^> mlj-j J5LH11 luu .4 j^>J! 4_LpJJ HjJUl jLstll 


4_cLalt *4JL^U 4-j^jQll LjLu/LuOfcJI 

4_a, jlsbIiJL! 4_)jjLlI I Cj L-u L<-u_>iJ I L^_u_u^j iCjl i_uL_uj>J! ^JLaHj (j ! ( jr *_j_o 

4jj l^_>J I Cj I j jj Q] I ( J_*a->i-3 LT lc. 4 jJ Lc. 5 j Jujj £ I I Cj 1 3 pLa Jn-a j ^ 2 

4_JL>JI Hj L_u L_uj>> I c. Lai L^J 4 a L 1 1 4_u Lua-t£Ll \ j 
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^ 2Lo^!^o jiSV I Solid State Nanosensors 4_JL-dl 

j-0 La^-LC J J) 33 1 d-< J_>- i dj I j L*J I j_A £ I I dj Lj jJLc JuUSjJ ^ ) I JlJ_I, I 

1^. to J ^3J I dj Ij-ulU Lj j 3 GJ I ^£i 4_jJ L*J I 1 ^3 L^Hj uj L_u_^e_i £-J V I 


(8) 


4_jJL*J 1 3jl 


CjL>-j J Jl 1c. \-uzs J) <«o^> l Lgj 4 Llj_>J, I I 4 Lj_J I 



j_a 4 <a^U 43 l 3J I dlL t <«o3j 

(3iA o^- 


^ i Ls 




dU3>j 4 to < <i i a 4 _jj>- jJ Jjij-Laj dj 
£^LL> CiljJLAJI Ja_<_ul£l j^a 4 3 j4j 
.-A > < «,<| ^jLlI 4jjJLi]I ^S—Li-u l£~ >U 4 _J JjLlJ! dj L l _ l _ l_ > iJ I lXJLJ^ . j^yu 1 i_u_>dl ^ i to 4 

Ti0 2 ^^jjLLuJI Jl-u-o^I ZnO dLjJI Jl-l<-o^1 (Jjlj S 11 O 2 j-j .A ; .0 3 H 

^ L_«_du T _il 4 WO 3 <j\ (.ujye-uJl J_t oJLj ciJJ j£j 

j > t m] 

dj 1 3 itot I 4_C. l_L/^> ^ 3 1 3 to ^3 ^3i I 4 _jj>. ji I J I j_t» I jj J i t ^ dj^i us j_l, I 

(J_<a_3LJ jj>JLj daljLiJI Ju-oj 4 _i^I^_4-J 4_i^L>JI dj L_u L_aJtl] 4 jj_jI_lII 

. 4j ^ua 4j>.jJ 40 Oj 200 jtJ La 3 j|j^>- djL>*jJ 

i 4j^jL<JI j^jj^UI c-A-ulji t^£- 4-u-lXI djl i_uL_uj>JI JUJI ijr A La^j 

2-J-*3JI (jA^~ “* ^3ju 4 i L^i II 4_tL>J I djl luLulxj 4_^_ul£Lua (jl 4 

L$j jl*3 La-Luv Ju <_u^Vl 4 3 i to I 4-u^, 1 1 4 _lL^ jJ> I jl 4_<ajL3JJ 

4 J L>J 1 dj 1 i_u L<-u-~>> Jljuj 1 Jufc . dj !j LiJ 1 j_« (j 3->d 1 £ I 1 dj Lj jJLa dj 1 

4-cjl_S_tl ^ lr. 1 ^ 1 4 <T- 4j^jL<JI 4 iLuaJl 


(10) 


^aIL_aXl jLlIL J-L»-dil! I 4JL>. dlLij 


jUdLLujVi Lc^jljJcSGj jjLJI Gjv ^jS3 j\j J^LSGJI 

Lj ^Aj JiusjJ Jlxj 

jjj>o (jyldl 4 j_GsjVl djl i_ul_GJ 1 J>U. j_<j j_il_Ll! Ljj>- jJ j_i£Lj d-< >. LjI 

4_JJjL djl luLuJCJ 3 4J J_<a_5C-C djl luLlS ^ I Jl^cU 1_U 1 4_la — ^ 

4Hjlj LLcj ^ I 1 dJ j 13 dj Ljj 3 <_u_4 4 j Ji 1 /.o" 4 1 4_3 jj2s j3 1 4 3_d Ji 

djLajJmi ^ to n L^Ll i_uV 3 j. g ^ I DJ-& 2a_jj jjj_L) j£, dii3 . 1 jIo^kJ 

I ju^ J^lSLbj .Geographical Information Systems *(GIS) 4_^l jJl > Jl 

4 jtoTr It! 4 _juLL 1,! jj 3 o-"i I t4jjjL3 djl luLlu.-v (jr^" 1 jl_^_>iJ 1 

Personal ^ ifuJl ^ <a4^Jl ji^.1 i_uJ,Lj 4 to i j jj^-L^ j^. dj ji3.Lt 
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Bluetooth cjjj^LJI 4_L_lJjj Digital Assistance (PDA) 
j JuiL ujj U < Global Positioning System (GPS) ^LJI jJal jll 

^£1 4 a 1" -Tt-^a 3 1 j_a CjjJUJI CjLj^U u±aj 4_i^L>J1 CjI _4 £-Jj <_uJI 

c 4 jIo^j 4_uLj£LI ^L*JI jLLsVI (2 — 13) Jail V Ijj . o-sj 

CjLsjJjJJ ^ lo \ 4jjjLl!1 Cj L_u Loj>J 1 j_iLJI LpwjJjJ^j idJ 

4j JuJj Li I 4-4-^ LlI I ^ jj>J I Cj ^LJ I i__3 1 ^j-a" rilo jJ, I j 4 _l9 I 

. ^ ^ I Jl_u_u LJ Cj Ij l_i_j dJ j£j L 

i 4 j jJh LJ I Ui! j£j L 4 xj jJ, 4 _Ljj^>. (« ! » 3 — 13) tHJ I jj-uzjj 1 JJt 

)J JJ LJ I 1 JJ>- jJ £j\ J (J_4 ISLJ \ Cj 1 L>.^L e - c d (jy ^J 1 

Ju_ouLi CjIjLc. i_<-<-uj 1 ^jlr. l_c.j^a 4 j9jJI 4_xJl_c. t 4 _l3 IjJlj>iJ I CjLsjJjlJ.1 

JSLjJI (j\Ajj . 4-u^Lx-uJ \ s. Lj>»yLJ 2u^H! 4-tc.i < ^ H J^LLU 
^ JuJ! JlC.1 i_uJ,l ^J| 4J j a 1 1 1 3jj o^aJI («t_j» 3 — 13) 

JajjJI 4J 4-uiajVl 4 _l3IjJ,I Cj\ Lj^-o £-a Jj :>-jJ»l 

. ^ ^ 4jJuJjLJI lII^LjL 4_uJl> 3 4_^l^_L > b I CjLajJjtJ.1 ^ lo ) 4£Li_Joj 



CjL_4^1xXI |^_Laj L^-ULSIjj 3 — >LJI L_jjv^)ja£j ^_ua>La_4 ^L_<j_uI :(2-13) JiL-tiJI 

■ \ t tuSi di 1— oi L lo-’v j>lLLx^-u.) Ja-Jj-Ls I 1 \ t < 1 / ISi j—u2jJ 4_lSI^Jl>JI 

^11 fdj i_j ^ i,^»Vi aj ^ ■> 1 ^jv^xi (jsLiJ 1 pj ^ ' jlcci^ .4_)^jLai c-ijjj 1 
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U_4 I -L<— fc.u IS i dljl£ dL*_jj L^-ulil 4_U_I_4 iLLa_)j_>- :^3— 1 3) ^SL-toJl 

<j! Jlju (i) ^_3 Ojy—uD (i_j) J^.ntTiTI .(I) di_LiLj ^^-3 d j_£jLj 4_Lia_4 

4_lJL»-LlLdl d ^dlLl 4d)-L4 ^^3 4 _l3Ij_JL>JI LjU^jjtX! 45_di_) lLs-I^-JI^-lC Ll5Ll— lq y d-l_LUj I 
■ 4-idjV I 4_c3l^ll .ilj_3i pjjlJsD ^yn>d I ^ T I Jl£. 1 tut I jL^->» ^1] 

(dLLSJl Ll 4> diJ-4 4l^> <nl^J (11 ) y, lu^tLi JiLtlJ I p tV' :j_Lud.l) 


JjQlt LjLaAufc-v U<tjj ^Q-cJ< fto-id.! 

t^ysjJu 4_^J_a 3jjj_d> 4 j^c_l 1! dll jjJJsI dj-ojj 4 jjjsc_l!I 4_^_l J 1 ^jj 3~ J IL^-i 

jLjjl 4 u^Uv 4 _*JLi 4-l^-A I ( j a 4-Tt.uJ I dl Ij 4.1Tl4j Lc ^Jl Ij laj i_u_3j 

diLilitil j diljjJJJ dj! jj ^3 4_lTi-d-i' J dll Io j ^Js I j jL^_JI 4 j>.| jj ^jJ! di! JljJl^jJI 
^1 diL_uL_u_>J ! l ^£i jjj LaH 1 1 j dcje-Jl Jd j . 1 ^ j4 I 

j JJ Jl_L$J I dl Luj L.u.'V ^U-uLl l_3jJU 4jJjljJI dl 1 t _ ij Lt-u_>J I dlij ^yA 4-4 jd3_4 

llU3 J1<uj .^) Nanochemical Hydrocarbon Sensors 3 yiJXtl 

4J!i_d-l 1 J 4 jj_5c_l!1 4-Tlj-l! I t, l^> 34 (j-ojJ 4_*Jl_i 4 _l^-A I dll <_uL<_uj>J1 

\_££.\ Jjl <_3 ildt_4 (j-\_ 1 j-U-d-1 1 J t 4__UJ_J^JjJl_L^J! dlLjjU! ^y£L <_3 tfuSLll 

y j C. (JjjdaJ Ij ^ 1_*_J I jLil ,j-4 4-ij cuTdl 4 _u jjj£j j Ji_t^J ! jJJ Juusj Ldajl 

di I j jJJ, 1 Cf^i3 1 ^ m 1 4dj-3l<J 1 j di 1 loj ->Js Ij j L^l-J 1 3 3 jj*. j_l» Ij 4j_i3 i_u_l 1 

. ^Ll^U 4jj) is~t* 11 
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LjbUJt Jpl l-lojuj JllgjJ AjjjLJi ljLu/Lu^JI 

n£ jj>J I -c.1 ^Jl CjLj ^1a Ju-oj 4 jjj1_<J! Cj L_u L_uj>J I c djL jj ^^1 4^LuoV1_j 

4_jSuj_aVl ^Lj^iJI 4 _H£jj 4_ul H 4uv^l_$lj 4 j / lojil 4 JI£jJ! CJ-fl Jj^ull-u ' Jl3l3 

Lmuf^JuJI 4j^jL3 4 JjljU>Jl CjI i_uL_u_>Jl ^jA 4_ajualu3 Lcl^jT NASA ( 1 1-uLj j 

c^jJjoI ^1 cjL_jUlII JjI ^ c_c1jGj j u->j L; ^_s Thermal Nanosensors 

Jl^cH i_uLj t-dJjj 2007 ^L*JI £jA ^ 3 4_j^jj_4jVI Lujj3jH^ 4 

1 ^L> jlsj Thermal-imaging ^jl 5 ,;;•; 

(J-L [1a jbtTJ c-utla I I cj Iju LLaJ I cj j^tc. I juu 4 4^1 1 3 j)Io I o j a> 

1 ^ 3->*j (. <3»~j ^jlj-illl ^VjuI 4 3j^ j lIajIjjn. ^- L ^J o-^- ^jlIjuXI JSI I 

liIIj 4I_j i_uJ! <i3lo I' c_<_t i-uj tiUjj * 4_4->.Llll J^LLlLI i^\ 

4-4^-ll ciiij oljuLLJI jL>o! (JLv l£*-^ (ty-LcuJI ^uVl L$j 4 j^_lU 

^c. Ju (j I juil ^ iLajJI Jjl tl>^ I jJ ♦ 4 uu-ail 

jluuilml 3j_^u*. Lj jLlL) (jjJ 4uj->- 4 _i£j_ 4 jiitIL<_u! ^1 L_uLs 4 JI£j 

t3juu i_u_l! Jjjlj_>JI «illj Ju-ojj £_uj 3JlcI lu-^U 4_a jJrLa 4 jjjIu >■ 

^a IjuJl>- Lj Jl_>uj 4 jjjLlI I CjI ml m^r II \-a-$a I Juu Jj j t lo" 1 1 (jJJju 4 juJoIj 


. AJJ Juu ^JU3 U^J JjLjJl Luv^JjuSu 4_>.| ^3 tjr lll CjLj JlTCuJI i j J A-L^ 
JjjJs 4 jjj>J1 4_i£ jl I 1 ^j4 t~< 3l~*. 4JLal^ ^LjI 4j^Lu 3 jJ, 4 11 Cj^-aTu-uI jL^j 

„ j, J> 

CLlA LJJjJ C-U>J J-C. J (3J IjU>lJ I ej-La-OuJ I CJ_U>- 4 3 1" -7T 1 1 t _^J IjU>l] I [jla 

' Jl 

CjIuLuJ! J J-A C.<i-<-uj 1 J3j . 1 ^ 3 ^ j J lLaj!ju>- 

L^HjsJ luuaj L3uJ I \-la Ljjv V L_uj 1 4 _uJj>j ^ I 4uu Lui, lj 4u^ IjJ, 1 \j^c 


I 4_5t^L£Ld Jjjj 3^ j!j- 3JI ^jiitllX l-^- 4 4 4_i^J, 1 ^ lr. 

l j f A 1 ^ < a u^Jl^j j ^jlj^>J! jUiwIj 4 ^jsLSLX <U>yd\ ^^Iolo'v 

.4_4^3»-LLc jljuus^l 

J! 

(JjJl J-^-*JI Jjj^ 4 _Lj ml ^J JlC. 1 ^ jJI JUJ-31II jl_5l J—£>j 

1 4-ul <3tflll LmL3 4 JL£j ^ 3 j ^L^JulII ^-a ^-u-oZL! L>j t4 o j_a 

t _^jl^UV 2aul^u>- ^_<-Uj 4 u 3 JutlLmi,! 4 j J jl3"<H CjLmL_u_>iJI 4ujl_3_LLl 4ul 

cul uiLlu> ^L^ Line Scanning 0 L-k II mil Ll133 Jj^Id ^ oLUtil 

(^jl^u>Jl ^_£jJJ 4_3 jL^ 4_u_uL_uj>.j 4_j_aLl1^ 4j3J CjjJSj J^ 4jjI^u>JI juLlII 
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jJa! 4_1^ I (jl^ . Jpl^^JI cilia ^£ 4_njLi]! L^ajJaS ^JlC. Sj^i c 

. 4 t * /.rail 4$ a ( _ ;t £-j^_4 VI {^j iLa jJI Jalj^JI JU.J 4a jla 1 _ jt £ j a VI 

4_4juiIL4 Lal^-* 3 l j^c 4j_j Jl^>^J I 4 j < 3~ 1 1 cilia 4 j jj£j l_4 ^ II 4^L/iaVla ljuk ^^aLa 

ciLlij t Laav VL_uj! L^JL-ujI j jj j^aJI 4_>JL*_4j 2al_aaJ I ^ lc. SjJlSJI JI 4 H 
^£ Cu-£ jJ I ^j_4 I j-u^ ( ^ < 1 laTi CUj ^^^ 0 ] I 4_Sj I i_uJ I Cj 1 j < a" 1 1 l> j_c (j,aj a < 1 1 ^ lc 


1 ^"44 dilaLu JL i_ujl ^lc. 3j jJLlI ^ ^lULaj tOLaLj-JI 22 J> ° 

. 4_jj>-^ 5^_tIoL»-c 3jj) /.a 1 


4-4 JL>. ^jLUl ljLu/ 1 ta'V 

clxaa*. 3 JljIj ajla^ea 2007 ^l_*JI £.oaj 4-ul II I i_ul_j 4 JI£j dx-aljs 

JjLlII CjI uj L<_u_>» (^Jl^I ^_J_Lu^J ^yA 4j j tluaJI £tajla ( ^£ 3^-4 2jV dt 

4_uLjJa.il] I CjI_i£jJ,I ^Jas-I (J\j4 (jj . lc Lkj LlLv I j 4 _uI_ui_j^LII 


( 14 ) 


2-4-*-!! ^£ 4-4 J 3 ~< 1, 1 dll t-U Lt.uJ>J I cilia J-UkJ (jy^Lc. 4_3^5cIlJI cd-L&^a J £j 

4 l u II jLSi. I (j^-J-*J (_2^- 4_aaLaJ! L^ajJaSj ^ jr a»*jL>J I 4 1 < ^-1 a 1 1 ^£ 

a J-& ija>-j (j! ^ — £ cil — uj Vj . 4_o 1 />i3ll 4a£jJJ 2 ^!j 4!^! Cal — ajll 

(j_4 ^4-C. jJ I (jy^- ‘ 4 -U 1 J<oal I 4 _i£j- 4JU (jyJ^ I jJ I 4 I J I dl la jJLa £yA C_< I 

cilia ^£”lj3 ^yJ! Ij-laa cilllij 4a>.^U,l ^isLlaJ Ij-u^ IjuJl^j c_.t-i-t.ua Ja3 tL^uJLCa 


Cj^L>.jJ 1 2^>* L^a j) t^i ^v. / 4 ^ I ♦ 1 1 4_iaLia^i]l 4 ^j-1,1 iJ ^£ L^aiL^j CjlajJJ.1 

. 3JlC. t~?il ^^yJI jiL^a Jl 4 (jy^J! 4laj to II 

"j> 


4_j^aa i£Lua j) j-^LI I ^ la < 1 1 4_j_Laa 4 JLL 4 IL 4 ja l_Ll I Ljj>- jJ j-^a C<c. j4a J £j 


\1a j-a-L^3 ^ Micro Electro Mechanical System <MEMS ^jJL^I 

( jyE> • I J^I I c_<_x£jitlJ 1 j la j la -r&a L^-t-uj I » 4 — 13) 2^ ^ I ^-t^a jaj . j L^a>J I 

j> 

_4 t — 3-IJJslj 4-uLiajLll dl^jJI cilia ^JutH i_ul (^jJI jl_* luTu-uVI jL^a>J 

^« 1 » 4 — 13 2^ ‘-“-I I ) iS^ ^ (_> JJ ! i-oata t la C]j3 Cj Ljajjii^LJ V I i j f -A 4x. j^a?e_4 

c-x-ulal C-<_4 Jiitlu-ul . jL^as-JLa 4-Lt.u.ujJ I Ca Lujj^-I V I 4 j>- jla 1 ^ » 4 CLuCla 


4^jJI ^J! !^>-laa cillij ^^i-L 4 -t£L! I Luja>J I cili j c_<_j^a ^ jr £ 4ajal_Ll I Q^a^Slil 
CjLui^LII 24^ J (j^-aau iJT £ 4-4 J, a" II 4ajal_<J! il jl.1 0 jJb L^aJtaa ^aJI 4_ui>l_Llll 
. L^£. I ja I -Lj Ju>o j 4 1 I 4a^ <-uTl 1 I Ca l j Lii I ^j -4 I Ja>- 4 lj^ t^a 1 1 
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a , '1 ■>> A 1 1 ttuSjX I -\J I j I jllliH.lu y I jL^->J U tI ^,->< ) fi-ujj ( l) : (4 — 13) Ji T I 

^ jjj 1 1 1 1 1 •>< T I 3_^-j 4 _j Ll^_u 4 ,2007 ^LsJ! L^ILLvj ^ ■. <1 ■>> AT l L_uj L j 4_Jl£^J 4 n iLjJI 

. L^.L-L>o Qj 4j£j_4-LJ 4j)UlJI ljLjjJUI (i_> ) cr jL.^_*5LJI 

(ujLISLJI IjLA lJiJJ- 4 4l-> uiI^j (14)jLLuail ^ -ajjvji.1 J5L2J1 ^Jaj :j. lu^tl) 


tljjj^iutj^ s 4 mS », t I <Lu Ll+.&J I jjLJI ljLu/1 «>-» 

(j^C- 3jL4l*II 4 _u1_AjVI CjLlLjjlJI ^U! CjL_J_uU3 Ju_4 Cjj cIujI 

^ JiitTu-uJ C1 a.il>. i 4 _oL*J! j oljLuaJI da 1 j-l>- <Ti 1 1 j ^LiJ^I £jj 

^Luj JuljUl 4 j?£_ujj {j\ jj jJ.1 J i/iv j LLt_<JaJl c_sIjl^U <_uV 4 jjj9j^3 

(jjjJ! 4L2 c_j c 4 ts~i~n 4j jJ.1 ^JjLljJI lIHj 4jjJu> ^Jj-4 

ijJJj 4 jC Lu-ls JjL^JI ^ J 3jJI I JJt jLLl J i4jj_ua JuJI I $jj J_3 ^\ ajjl j 

Cj \j-zr n't 1 1 <-l!]j (j-C- 4l>LJJ <_3l2u£JI <J j_Ls 1 4^ Lull I Cj lj-^r d~ 1 1 

4u2jLL c^>j (J\ Ij-La-s LiUjj t4 rtKUj 3 Jl2jJsI cjLlU_*JI (j^a i ^ 1 

♦ di i^LTr ri~l I, I 0ju£ £_U-£3 lj7 ^ L^_4 1 JlitlL-O I (_^3JI jlji.1 (j- 4 4-*_uulj 

^^La V I da 1 i_u La^J I (j_4 4 1"< £-J jj T C jl>J ^j-o ^UljJ ! ( jr lc J 

c2i2uSLJI i_SJl$j 4_ua^SL>JI ^U! (j<^> oljLLail (JlLa 4j^_j_>JIj 4_pe_ul^3L_oVI 

Ifu l-uL.il>. (^oLa2e_j|j L^aL^ejv.! j-& (jl^ CjI j ?r 3H 1 1 0 J-& 

L^Jjltcj LiUj (J^ iL^al^a «:ljV L^jlI U~m 4 j-L^jJ! 3j3L3j| 

(—3 LjaSL- 1 -u I Cj L_u LluL> ^£l I ^3 C_L^tJ I I I 9 . Ll-U uj I { j r C. 0 j-i ^2 
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L_3 4_! JJU-£3 4 bL-b^Ll I JlA . ^y2>jA lLj Cj Ij 2Z. d 1 1 1 

CjIjLj i_uJI l_3j 9I (JlLo 4_<^_4 ^j^Lal 

t4 j ■> lo <dll Caj>o ‘ Aj «^stl Cj ISLi_33j L^-Lu-uJ 1 j ^ i_u_II jj Jj l 4jj L rtHj I 

Jlju j jJ.1 j-a->i-s tiUli 3 jLl*J! jjjj (^jLi^J! 

ijJJj i y\j clajjJI 4 -jjju-o 4^Ll^VLj I j & . 4_ul_AjVI cj LlL^jlI I liLItJ 1 ^ jlA 

i 3 Li:£ _Lx-o^ 1c. SjjUs 4 i * I 4^-uli J>Lw djl i_u Li_u_>iJ I 

^Jl 1 jlo C jLjLuJI il\ !b <J1 i_ujjj 4-« J^t3 i_uJ,l 3jUJ £_^jj Cj lj-3r <?"< X I 3^>-J 

cjLsjJljlJsI <1 4_u j_i£Ll*J! 4£Lj liJLj 1 £ja 3 jLlSJI 

Vjl 4_p- 3jj) is~> \ CjLjLuJI l-LUG ^ 3jj ^_uj lx_4 i4jj J ^ I ^ ijjk ^ j,l 4 _j^I jJl_>JI 

4j^L£L< 3 Jl-5e_4 Jl 3^ 4 J_L3I]I <_jl_*_uaJ! LiAJb (Jls t^U (j-4J * Vjl 3 

j_i£l (Jli-4-J 4 j ^j9j_U ^JjLlSJIj Cj l^j?r fl" 1 1 q£l <_3 JoSLI' ^3 

. a^jJ ! LU Lc 1 ^ l^j ^u] I o L j jL5tH] I 



^y—3 I £L luLII L-l ujJjSi-^X I j> I JlbLL- Ul Ll 4 _Jj_^J>i_« ^ I ) :(5 — 13) ^^...t7l Tl 

l J_3 1_<_3J I j lj I ji •>» tf 1 1 1 .si j Lx-mG-m I 4-4. \ >»."> tn.ll 4 -lj Lu<^l£J I ^jLJ! ljLujI tn ,>» <Lc ^.<a->^ 

^1) Tl 4 •><. 1 ujL-faultn - >tTI ^jla> V l ,t W>t ) 1 3 i i»j jJ5>...t7tTI (*— ’) >4 j 1 

3 Cantilever 4 jij l 3 . li.lu ^yo ^ isLu^j i 4 _<_ic 

‘iuLtij 4 j^jlj 'iuLuLaj v 3 1 it,t 1 0 ^'. T | jJI J _ L £ , j _4 4 j^jlj 4 3 j. U i 3 LLsJu 3 j ^.<- L<_Ldi I olj 3 Lu 
3^>kiull 3 ^ 1^11 3 ^> i_LLa ljUjJ^v . 4 j )_ Lii!l - U-mlSVI jl >.| j _4 

L ^_ l_J (^) • ( ^)- uLlu -> iJ Ll 4 t ■>! 1. 1 4 3 V\ \ 1. 1 ^3 j. “>1 3 t a pJtJ 0j \ jJyLU ±£2*-^ l ^ 7 _ Lc . J _\_3 Lfl ^u LllL>J La 

3^.->i 3,1 tl SjIIIjLxj LjLljJ^>. ^Llu-^JI ^ o^L>J! ^LLao^TI J5L.l7JI ILla 

> 

( j-AaUu 3 j.>t 3 '711 3 jLaU 4 _ j 3 LsJI LJLLj^JI lILLj jlJLLal . J 3 L ^ 3 ) A > k „ i(i ^... lr . 

.A i •%. t-t , ■ i T I 33 1 J Lg-~>» MJ 4 -ulluX I 4^L2a1I 4^_l3 ^3 

^kimtuTLa 3 >l^XI 33LJ_jJj>JI ^LuaUI 4J ’jJ_ ml I J^jpl 4_3 LLd l3^L3a^-I 

. 3 ^ ->». 3 " n.l 3 jU,I 4 _ j^a I i _$ j->.lj 3 jLa ( j - jLlhaJI ( J ^ jISU ^ yA - jL^JI 

(ujQSLJI l_L2> mll^4 '■»", TIa^j ,7, Tl 241 ,>»U (^ 1 S)j. t.-^t I ^2 JSLjJI ftUbj :ji U^ltl) 
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Cj ^ -*■ a~‘ \ I ^yC. C_£2 JaSLl 1 Cj L_u L<-uJV J 1 ifuHj I C_J LlC (j I d uj V J 

( jr l!1 ^La^/1 ^ £ L^jujjj <■ 3 j7\~ ^ 4 3 1" -^tJs I q £LaVI 

L^ILl 3 I ju-£2-c 4 _!jj (^! jJLoj 4_ul_AjVI diL-o-UJI j j 4 r< I l_3Jufc 1 « 3-jLc. 

3jj i (j'UuLkjVI £__j_?e Cj ^3lju La 1 4_jJj>- I jJI 1 ^ i ~v- 4jLaJV 1 

(J^e-u . 4_lj jJ I dlj I J 4_j_<a I^j>- V I ^-$J 1 j 1 4 f - 4 -L-^j I j_<a 5^_C L_<a ^_lC- 

^j_<5 Cj -q ^uJlZu 4_t^L>JI 4 j 1 33 11 (JjJj>J1 j j3 (J ^ jjLlI I Lx>. jJ 

Ifu, luLui^J 3j-L XjuS^ (jj^JI 4_3_uL>. ^ ^ jl_» tiuIL_uVI 


CLL j-u^jj U£ . 4 _lILc. 4 j 3 JlJ I 

4 _ 3 jj_Laj L^jvLuI ^_uj La 4 _lC.Lu. 


) Qj-zr oll 1 I 4 1 j_ll (_y^ j-l - l^ T iJI {j ^£ 4J2jL2.ll 
1 Q~t a Kj ^oLiit_iL 4 jj_iLlJI 1 


Jj /^i3 (jr^- 4 -uLl^LH CjI <dL<-u->Jl ClL J <a C. 3j^£ ^ J-iL-dsI 


Ij-Laj CJLIjj iOUSj-ai 4 c li/^ 4_4jL5t3 i-ui. I 4 jj » 1 1 jlji.1 CjLajj>. 

^ie_ij La 1 4-iga-O^e-La JjLilc. 3 j1^j». CjL>-jJ CjI j jl^J.1 d.L (jl ^^1 

CjI luL_u_5sJL1 ^-j3j La 4_£j_»J! 3 jI^j>. 4j>.jJ jCc. L^jLj jjv i j r c 4_Lu_Cj c_< i_uj 

45LlCJ 4_^L_uV cjIjLc/I JL^jIj L^1_lL>i_jj cjI_L^_>JI cJJj j^tua] 4 _uLj^_j^L1I 


^liaJj 4Jj_^j>J,l 3^j>-Vl l_^J i_uj 3 GIS 4_i^l^_»_>Jl CjLajjjtXI ^ lo i 

j> 4 

j . 4-lCjj V I 4_C l^-Uj 4 juLl 1,I GPS ^ IL»JI ^jbljJJ JuJlj>o 


i O- u 


4_^dL>iJ I 4_LMil! cjLuI jl>-^LI cj La I j cjLLuJI 


jJ^JuJIj 4 J j^_<_uJ CJj CJI ^JlIII ^ JuJlj>o ^ 

. 4 JLLijV ^jj_ 3 JI 
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L_>. jJ o_<£L 4 j_& La LuJjjj, 


3joljJI L^jI n_u Laj ^ Lc i_3j_jlL1!j jjLJI 

^ Li m 1 4 1? \"i v n cjVi st_u 

( *Js ^Ul j jLLu-l-uV ' tjr Lc. 


^CjJI . 4_o jJUll Ljjw jJ j_£LJ I 4> 

^lc. 4_<ul2JI CjV! 5tl,l Ju J lJ>o 4 jjju-£ 3 ^ya 


L^] Jjij £L i_9 j i_u (jP-Jij jjLJ! l -o» jJ 

^jja 4_jl_3 i^^y-Ujtj! jL-^UsVI (jyS j~ i^Vl j_jj qJI 
lf\ a j 1 Li" 1 jjLJI Lq> jJ j_t£L L 4 J o ^ ^->>^-1. 1 

^ UjlII jl ^VttVI (j, If- *111,1 

.(jjJLl! Ijiifc ^>3 4-OLlj! j uuJlII CjIjJ (_uJl 

4 < .1 , a JJ,I 1_^jjj>J t _pJ! i_ulj JlII 1 ojZjj 

4_j£Lj_«VI BjutlJJ CjLjV jJ! lJ ^£ 4 j < lo jJ I 

^National Science Foundation (NSF) 


Lo^jJjJSa <jr Lc ^uLLli jU t, ,„ VI 

cr^d/^a^ i— sj-<- u jjLlJI 


(^jJI t _ 3 — <LuL>JI J — LaoJI (jl)) 

JjJ— ^ 4 — j j — 3Qj (jl SU - ' 

CjlJLuiaj f.\j >• ^ a 4 _uaLi 

1 '/> ' ■»- “ 1 1 ^ A j )l_Lll I 1 -%-j 

Lajl. ujj cj jo- U£ t L$j£j c 

^^o-Vl 1 

« L^j JjloJJ I {j£- Lalsej 
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,*_j | j2j L^-Lu I j A ,2015 ^LjlII 4 jl Jl_ 1 (_y3 (_£ I ,(jVl (j <3 dll jJ (_J (j_u_$J>. Juu 

(J ,-^j (jl 0 -l>. ,j_u£L> ^3^JI I _L& to ->"n <__3 j_loj 4_j1 4_jjLiLjJI Cj dJjjJI 

Jl^ (j.c. j. to < II (j,o a JJ , Laj) g f.j H ^ < .1 a i 4-Lt.ai 1 (_y3 j V (j ^aL^j 3 . 5 jjscj (_yj! 

(j-0 lj_l_^ I^JlC L-xla-SH ljj 1 Jd JjLjJI (JL?C_4 (jib dJJj 4j^J-£3 

4j jl i ,o" °i I l_4-l^I£wQ (j^_uL>o $.Ijj 4lL&jUI ,^JLjlJI ( _ ;r ^ (_£j_^JI 4 -lC.I LuaJI dl^ufuJI 
,4JU! CjLu^J^J (_y3 L&jj_4j Ca-UJJJ 4_jJU,l L^cLuDjl 3 ^Lju i-uV 

LULc. ^yl^. L^p- ^jj jJJI jy^Jlj 4I — <_u£LII 4j?t_uj L^jUoI ^ylll 

CjLLl^J! (j-0 j-u^ L$Jjp»l (_yJ-ll 4-jjl ,,o" 4*21 CjI ualjjJI (J^ £ J_d ^yj J . JlJLo 

(jl j to" / 1, 1 4 jI^ ,^j_i£LJI 4-lC.I LuaJI <JjJ II dLa^jwj ,4-p.l LuaJI ,4 _uj5c_lII 

l^jljUli ljj I (3j^ 4l4l_& 4 jj 9 \_}J I Lp- jJ j_i£u ^1 / ,o" 4 I (JliAJ 

. cjLcLLl^JI J£ (jy s 4_J,IjlII cj! jUiL-uVI ^pta* 


^ 4L>4l jjLJI Lp^ljJLSG 

^L^J_U (_y^ < ulL JjLiH ^J>0 ^lj_ijl (^£jjj (jl ^yA-J-tlaj I (j-4 

4jL*J,j 4_4jj_j (jyl^- 2bLL>J! (_yj fJUJI (J ^.La-cj i^y=>j >■ J * Ip^jJj-tStllll j ^JjlII 

^^yjj ,4jjjlill 4 _uj^_lII ^_4j|j-jj| jjj-ftjj -O^ 4_JLa dLua_uaje_4 

CjLaL>oVI c ,4£LU t _yi| j, cu_lII jyi 4 , ^i °i Lu-4 j 4 a 1" -^-c dl^j i_j j > 

j . cj! /^i i^i V" llj djLjLaiillj jJj jJ. 1 j 


lju!l^ 4_i]l jjLlII Lc>- ji i_ 
j-u C di ^y^UIl ^ — ljjJ^j j>J dll t( J^> l <~ I 


^Lui ^ (jjdjjiij j 


4j^u_l1I j_o*V I jjli.1 (Ji<-4J Lo- jj j-tSjJI lIHj (jj>^ ,4Jj^laJI CjI j-L<-uj 

jL?ej] CjLj_>» jJ C jjj^EiC. j^ylll L^i^Liu_«j j)-o jL>JI ^^y^ 

^j?cJJI I SJt 4jJj (j^i II (j-« ill Cj^L_u Ju3j . L^J 4 j \ ^r. (Jjb* 

(J^ ^^y^ 4_y>3 j^_C.Vlj t _yjJLdJ!j ^^y-4 _^->>-l I ^ Lc<-^ ^ ' (j_d iiaj I J l I Jl^J jJ HuU 

I Jl$j ,4 <^^1.1 ^jl IS~\ L_Jj^ , 1 jJ .^JUil 

Jd j . 4-uj^-lH 4£jI xiui.1 J (jjLauJI ijr L c. 4_u-lI,I J->LlII Lt^j-Ij-t^J 4 »j ilo I j$>j Jlj 

1 4j?c^ISL<j j jjLlII Lj_>. jj dl i lo" 4 i^i ^LU 4 £jj>^ ^v^-oa ^ I gj 

^ lc . j l^jlr. 4_u j-C dLL-oj dl_4_L-uJ l^J ^ ^ -vj-J (j^jjl^e_a ,441" '^X I dVLstil 
JlSU 4_^oL>- t^JujLj I J_Lj_uSj (jl J t£jLU! » 1— LL<-u Ij clo V ( (i !j)j_UJ (jl , 1 ^"4 < 11 1*4 
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tja j\m$ fr* ^iUJI 


jb j . JjVLlaVI (jr ie 4_jJI cbji^j (j !& j t^^VLbl j-l£- l Juu L$_iJI I J-i — <-uJ ^jl 

L^-cL^Ha! J^j^-La {j£. 4 j juasz. mi c_< i_uL£!_ 4 ^_po ^j| dJj 4_cLaa>. tj^bJI I _l& 


*J)l<.<riaj^jLpj tt—jJp.j Jab clr^J ^liUb^-yb Igljl Alj 4-LC. Jaa ijlpcJJ Iji^J 

t^j-A ts~\ V" I, I LgjjLt_u i jjLlII 4-LuL (i Cluia-a tad 1^" < <i aj ^_jLuaj jJLaaj ^aJLcj 

. 4 <? 1" ?eJ. 1 CjI aj i lalll aliLLa_iat_aj jL?cj (Jjpoj .uaj 


iCjLaL^jVlj CjbUnVI ^j_a 4 4 /.oLaJ jJ_aj ijjljJI Lp» ^J j_i£j (_pajJUJ 
<Jja>. ^j_a — jJ 1 — 4j^_pJ I Lp. jJ I 4J Ca <ppu La-i Lj^bju 

a j >iJ I CjLLuv a_<-ujd (jy 3 a. < c. VLjJ I ^ ic. 4_fljLUI L^jjJalLa £j\ >> 

^y_LpiJ I JjJljuJI 4_j_Lu J^jj-la ^j-C. i 3^_p2La 4_p.tjj /^>L^e_a £*Lul^ <11 

Lp* jJ j-t^JiJl ^_^Iuj (jl ^j-a lb jbtj djUdJI lILLj aliLtlaljbeVI C-JlLaj . ^pljjJI 

jJj JulIj 4-LlC. ^Tue-lII aLa_>J I ^i-C. j-lcoJ jl t 4_x_u_4j ^ ^ m t Vl 1 7)~ (_u_a 4_j^_p*JI 

.^^p-Vl 4_pJ 1 CjLljI£LIIj (jL_u_iV! ^b ^£j)jjj| a^Jl Cji-Lp. 
^ya ^jjjJI (Jlpj 4_La_p_>. t 4_b)L_uJl 4_uL>J! dJJb) ail ^SLauJl 0 jSb (Jj_a CjjIjI jbj 
(Jj I ^_i — 4 j j_pJ I Lp* ■ jJ I I — L&jjj_La_alb i4bL£a_4-&l Jail ^j-aj 4_bLtieJ,l CjLjLjjJI 
(jL£j t4_bj_L*JI 4_au jJI CjI jlbbiVI j cAlljVI b- 4 lj_u£ L^j I jJLa^aJl j iCjLal^jVI 

( (i^Jl ^ a 11^ Li Ljjjjf jj) 1^ . <i a n Jijju ^_jjLlII 4 l^r. 

^ 1 < .il? j I (^yb cbLi-^j 1 4_abt_tb> Cj 1 i 4j^_pJ I Lp. jJ I Ctgy- Ij Jul3 4 1 jJ 

CjLaJbblL) (^J II J-^^l L>^J tb'- 5 I 4 4 L^_&L>iJ ^JlU aH^ti,l 

s 

jus. 1 1 a La-L«J I j — ^ nU jl 4j^Tui.l — 4_j_utl,l (Jj jJI CjLa^Sb^j 4_iJjjJI 

{J ^ I j ifa^LuJj I p-albtJ i^aJL»JI aL^jI ^ t _ ;y b 4_u jJ.1 Cj L»_albe-1 1 -ilj si J 

t4_ajJ_I,l 4-li^e-iJ I 4 jJjjJI ^_uL*_LI ^4Jjla^3 CjI cLabvl 

^jLa-tbJ edJ jj t4 ajl .uaJI 4_jb^Lb VI (j^-sl jbJI a 4x. j_a^?e_a <_u ^j_a 


iSj^J -lS^ er 1 ! 


<_K 


ill a Labe CjLeljul 




jLaJ b -4 4_jj c1_lII O-aj^v. jb t4_J J_>JI CjI bi^LtXI lIHj ^ 

^^1 4_pljJI t L lU 4_j_aJ_*JI CjLcI J oVI ^La->- CUst-£j i4j^_pJI Lp- jJ I 
. 4^1 JlC ^jlj-a ^a ilo *") ^j_a bL<-u-jVI ^Jt-asa b^-u-ao 
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jjQfl ^LdjV! 

l_A^ J lC. i^jLUl Lo» jJ j-t^J (J L^ua-> 4 4~ ^ 1 1 (Jj jJ I j Jt uoj CjLj 

. (< 4_o- jJ jl£u jjLlII)) 4_1j-*J,I ^JL*JI 4_^jL^J l 4 Jjj 52 ^\ 

4_u5_aV i 1956 a! *J! (jl_$_Lj^ 3 j uol^tua jJLa ^JjjJI ciJ 1 j <■" ‘£ 1 m J 11 

i^jUJ! Lm>. jj cillG 4 jj|j (—£ j-lm ijjJi ^. 4 X 1 (^^_j_>JI jjjJI 

4_u4>Ll1I,I 4_^_l£ jJI jljJJ ciilj 4 jLJ Ij 4 jLjj?c_4 {J ^ ^SLselu i__3j lmJ uit llj 

I (jyX^. »l^t-<-uJ J) a m (jl 1 ^ jlf. LsljJ Jul9 4 1 jJ .j. * u~\] I 

^JLLjlII JjLLiVI (1 — 14) Mill (j’Syj *j-*LJI Lo- jJ L*J 

Sjloijl (J^LL jJ -uaj jJlj tjjljJI Lu>*jJ 4_uaL><J! 4 _A^c_lII ^ual^jJI ^ C. J 

^ jVjJ J)L2_a (j-uiljj 4 < <(4^ ^1 <2008j 2000 t>-oL*JI (j-U La 


3 


2008 

2007 

2006 

2005 

2004 

2003 

2002 

2001 

2000 






ssn 

) 




wiiUM 





1 




^■■i “IS 










2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

■ Jjj 

110 

380 

550 

800 

900 

1000 

1150 

1610 

1600 

■ uWi 

245 

465 

720 

800 

900 

950 

1260 

1670 

1700 

•L^jjj»VI eJ^jAll CiUVjil 

270 

465 

697 

862 

989 

1081 

1350 

1730 

1930 

vv)^jjj^i juwi 

200 

225 

400 

650 

950 

1050 

1460 

1680 

1650 

>L»J j-Sljjj 

J. 

i-t 


«XI jy-llsJ! ^LljV! ^ „><->. ;( 1 - 

14)jc ,7,ti 


.2008 J 2000 l^-aL*)! La S^Lil! J^L> (laLij! ju£VI JjjJI Lcj^-a t^jLJ! 
.(5- 1 *_>■ I^I! ^j_a 31 mil <L lj 1 ^ *v y I ljL)L»-JI k> yl^ 1 .2 Laid t— jJJXl 4 I-'khI^j 0i \ ui < i 


jjll t JmLuSlJ \ • 

4_u_5c_l!1j 4_uLL.II CjLaLLL&VI 4_alLj9 ^ylc. j_>LJ I 

2000) 4-Oj. i^iill J_ual]l CjI jJ i_uJ! 4 _!jJ 52 Cu-aUs Q_l>. i^JL*JI (Jjj 

Cj _^ e_j JlAL*_4 1 4_j_a-oL£7j 4_jibe_> Cj|ju>.jj ^_al^_j ^_u_j mill (2009 - 

^ylc I jla . 24468 2009 ^L»JI 4jL^ L&^jlc ‘j yu 
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j jd 4 ts\ ts\ V~ll CjLjjjjJLj j Jill I y . 3 4£jI ifuJJ (JjjJI 4 JlC 

SjutHil ^oVLj »1 *>>f.Vl JjJ — II £j-«^^e-4 i4_ljj 156 ^1 4 — taiAj ^L*JI 

1 1 JJt \1la jj 4111111 I 1 4jj IijJI (J j_>0 JClaj . 4_JjJ> 192 l_AJs 


^cJlc 4 ts~\ i^i V" a 3 JljJl». CjI J jl Jla-oI ^£i 4_tlL*J! j Call I ^_u^l_uJ 

jJLjcJ.1 Ijufc yls (jLLaLjtJI (j-Lo^LJIj al_aJ-*-ll L^j c-xla-^H i_uj 4 jjLlII 

(JL. !_u ^j_<j a^_jJI ^JLjlII loj L« ^^Jl 4dLJoVb Ijla .^JL*JI abe_2 ^ y <3 

t JjL-lII Lj_>. jJ y c. (J-4-C CjIjJuj 4 4 -jJj4 Cjl^_4_sJ.a ^_J_b_<J (jl d-J 

CjLjjjJ I lLUj JJlC j_Lj jdj 4 I JJt ) \-LA yj ^ Ip <J j _$_> yA J I 3j jJ) yA <_Jj 3j \-AA 

J>U^. (8 - 6) 4175^2009 j } a > »ij4 4_jJ jjJI 4 _uJl*JI 

. ^JL*JI *U.j! c a 1" ^t_a yA 4_u^e_) 4iijj 193475 j_3cj j-tlu 4 3jHiUI uiUb 

^UJI ^^y-dLjlJI J 4diIL> 4 _L£dL>. Cjl_aj_L*_a yA yl ^_U I L« jLUl <^—39 

/q\ 

UlUj L-j-UjU l_Lt^d_j i J Oy lull I lIUj JM ». jjLlII (Jl ze-A 

^ yl-aaA ( jr lc. (j-u-SLoj ^LUikl yA 4_1 (~4jlo'V Lt, l_4l3j 3jj-dlll diL^_) VI 

. (1 — 14) Jjju>JI u^-y* La£^ 4^-Ii_»JI 


yluJ I IsLSsJ LiSj ^jUJI L_>- yl ySuC 4 4 a 4 4, 1 1 1 VL>iI, I 4_4 -lj^j 1 — 14) 

.200 9j 2000 tj^ysLsJI lj\-> La oj.1 ri.TI ^iko^Jll 4-U,L3 lJI CjLjijjjJL ^y^JLsJI 

> ** " 

.(8 - 6 ly* 3 i 4 i~~ 44 .it, I oLL_tU L^-4 -u jJj ljVL>J.I 4 hj. ^j) 




1 I 

oi*Jl JMI 

jl_4_uJI 

4_i^d 1_>J 1 4_ljL^_u2JI Cj LlL-» J 1 

jjLlJLi 

JjVi 

4_jjj1_lJI Cj Lu jy&l V 1 

^-jLcoJI 

jJLc-4 ^ JjLijl ‘"'1 ^ ■ ■ tt*» 

CjLl^ 4^~l ill 

olllll 

<■ .Ull JLcoa (jr £ JjLJI .~'l iU~ 

1 — aLSu^l 

o-llll 

(JLe_4 ^ jjLJI CjL^ojlLj 

4_io- l->J ' j-ISTiJ 1 

dJliJI 

1 jJ 1 ^--ua-^rJ \ a 1 £_j_LuaZ<J 1 

j^LJI 

sLc. ^ ^ jjLlJI > " . 1 ^ 1 < L . 
4-uL-^-i^J' CjljoL>J.I 


4^LLJ! ^JLeos jjLlII iJlii 3j 1 1-i" 

3 j jwctUJU^ 3 juJl>JI 


4_ool_>. 3 _lj_l>. cjLiSj oLiLi^l 
4 jjjI_L 1I jljJU c ^-LuLi 


d-La-ouJI 4 _jjjL .-. M LU i » -^»~ 
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i L<-uJ 1 ^^*(^JLl 3l >? i 


JLI U 


di 1_4 jJl*_ 1 I 4 j-Ls (jr^ J 

LaL^LaI 1 ^jlc. LLu.4 4_L^jjj>. (^yzjju i_La_<_u_u3 ^_j-4-i 


dLI Jj i jj 111 I 1_j_>. jJ jlSu (J 1 st_4-s 4 31*"!. I 4_t_>. jJ j-tSjJ I j 4 -uj^-J I 4_L» juj V Lj 


-L3j .(2008 — 2000) 1 g <r. di Jl^HII JjI <_uJI 4_L_4jJ! 3jHll ^j-ul-i J^L>- 

j. titil I ^j-c 1 ^~lj /^i ->J 1 i (4 — 14) coil lj7 ^ JjjJI ill3 Ljj dl 

lM ^1 tj_ill]l_s 4 llju-l 1 4 j < 3" I Ij 4 _j_ 4-L*J! ds Lc j_u3 jJ, I ^ 3 Ur <a_UJ! 

. 1 3l < n 3j^^jJJ 3jl3J I 4ai,L*JI CjLjjjjJL) 3jj_U-4 4_u_3c_j 4j9jj 1000 



ifl jJjjlJI L^-id 1 I i-i-o {4-1Ll)I 4 :(2 - 14) J5LUI 

>4i^> i^> >U. i 4_ji,l_3»JI d -oJ-xJ I d L_JJ j -1 Li 4 j1>jJ I JjljjVl j—ljj w rt < ■« Tl d >i_J ! 

> 

^c_ui La ^Xc. i J5L_UL> ujLL-JI , l oI*j) 2008 j 2000 I^yaLxH 3 jHJI 

.(8-6 (j_« 31 til i ii a dLajJL* _4 ^j-4 dilJ-dL 


j-ldeJJ (jr lc. 3 j-3-ij U- 


jjUJI iluaHsi 

oj2J jj III I Ljj>- jJ jl^j dt-La>^3 t Lai <_u l_4^ 


t _ r i£. 3j jl_3JI 3 Jl_jj>. jJI Ljj>- jJ jl^lll L$jV dU3j * 4 1 J) I .11 

L 4-4 J, 33 1, 1 4_tj>. jJ j-tSjJI dil_L_3l!l -_j_4 t4_t i_uL_uVI ^_4_i 


djl-cl U3lLi jjLlII 1 dil j i 33 J^j-lLsj Jdj . 3 J >.lj 4_3 j jj 

1-4-4 t^j I 11 j 4_3 4 ^£1 Io3 ^J! 4 3 ll sc . U 4 j.c.1 

(JJlII j-4^1 ‘j2 <-uJI j djbel-UI dil 3 j (J1 i^i ~L t _ ;r i£. c-jLtcj VLi il 

I Lu^X. . <J l 3 ^j_4 4.3 o^_*_4 4itJ-L>. dil 3 jl ilo3 jl£! 3_i I ^ 11 

j !j_3J 1 ^ jiit IL 4 jJ l 3 ^j-4 Jlj 1 jUJL 1 ^ L^I-aV 1 I j jj 111 I l_j_>- jJ j-^3 ^>0 
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Juu 4 -llse-lI I j 4 _l>-LuV I L^j L_ u_<_u J_ 4 j 4 _lC i Lidsa.Il <Jj jJI dsLajSLw 

j? 

^j -0 J-U^ 1 ^ < f . C-<J5S (_uJ ^Ull ^3-LtJl (JluL>J 1 JiauJjU VLfJ-1^ du Hi (jT 

^yz 3j-l>. V! 4jujVI Jj 2*J1 (JljJLd 4 _JLj_>JI Cj Ijl?cul 1, I j 4 jjj Io < ti VI CjLIjjJI 

.^»ui u>ai 

4 lo nil V I j-ujuU i (( jj LlI I J 1 jl^lIS I )) ^Ho i.o a Lofc C-j -4 Jl itTu-u I Jl 9 j 

^_L_alI -dj-Ju jl ^jjj ^Lul tj- 0 ‘ jjL<JI L*j>» jJ jlSu 4 3 U~ 11 4 jjL?eIlII 

^L-Jl j oUtiill V U-4j .Nano-products 4 jj 3LH1 oLfcaiUj 

4jjL?tI<J! j 4_tC. Lu-£aJ I oKjJLU I j-l.i^ LjjLcCii <-ul L^Jufc C i ~x- is>] 4jjjLl!I 

I j . _}L_u£LII j^jluu 4_d,Lc. (3J- 4 - 0 ‘^hjVI L) -0 <= d3L& 1 -lluj J)j3>u 

Lu*. jJ j_£u Jl. _ < C uu jl t «Nan j-)Lj» 4 _$J£u 4_4 !_u! lL^-IJ^J ^ 3_L4 (Jfi i(jVl 

^ 3Jb Oul>. t^Jl_*JI ^Ljtjl (j— « i_uJsl jl_Ii_)l lI^js-o i 1 ^ j 1 c. 4 » j I .uaj 

. ^ j l*j i « <ii i jJ-j- 3 jjio a i ^io 3 i a Ljj l>o l>- i jij 


jjLJI LjjvjJjJi53 i y£jL+ixLuj'¥) • 

cj L^i 3 l_Lc i^jjJLlI lj_& ^Jto a j_La L$jI£j-lLj 4-lc.I m^.11 (JjjHI c-Jjv j 

4 j 3j i I o" II j 4_jibe_iJI 4_la ifluVI 4_aLc.j ^^1 uSJl^j t^j njlojJI 4_uaLv 4 i_uj_tlj 

CjLIjU (JJj-Ld ^C. LiUjj 4 <3j 3" 11 L^J L>»jJfc_x3 jl£uL>-lj 4 JjLlII I J_>» jj 

I Jufc I ^ ^ . 4-oj 1 i<~i 1 1 4 j^SLiU I 4-t^ll I (j\ j I ^1^ Hl>- V I 

4_t£Ll i « ^Tt^e-iJ I I » J 1 « 4 _A Lv I » 3j ^ I lj±a ^ 1 lo i ia ^yz jJ ^ Lilufc V I 

3 J^3_^ j jl is> g> id 4 _l£. L iUs. I ^_ufcLi>3 j ^ lo i I lit_u_uj3j I Ju^Lj L>- 

Lo* ^:JIj ^1»JI ^j_l1I ^L^Tlu-u^L! 
^JLjlII ^ j 1 3 II 1 ggy Ci Ho I (jrd^ ^ jjLt-^HaVI 3j-tSLH cj L&j_i 

2008 aL»JI ^LjI ^yz ^o-uu 3 j j^Io Juu lOj uib 

l£!_4 ^_l3l>u Ljr £i Jlj^aVI (j-^^iLH ^jL^l' Cr^- (^-dl jLaTtTi i_u VI 4^L3 j 

jjjJI 4 _u 3_^I i3juj_ll 4jjl i ^ o3 4 V I 3juSLII cdJj CjLjjuu CjJl^I ^ 4uu ju-u 

t _ ;r ic. (_y-yz tduLj ^ j 3 jl i^>" °>l *l_u l_u>- jJ j-tSuJIj L»JI 4 jJ Jj ^ J II 

jJti. I (( jj LlI I LpwjJ j_tSu » Juu ^ jJ I j i 4 _l>- jJ j_^ll I 4 ^j-*-l I 

. 4jvj_uj Ju_uil! 4_pe_ulju_i_uVl 4 j I jlj 
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3’ jjlji • 

^piLju] 1 -q Lj jLjj i^jLlI I Lo*. ^ jJI 

Jjl j_«_uVI jl L^jL?cI<-u3j 1 ^»I mi! L^>-jJ^ J3L>. ^j-o 4 tjr U_*JI 

^jV I jJLl dJ jJ (j[£ . ^LoVI CjVL?c_ 4 Jf£ Cjj_L ^jl Juu jj Jlju La 

** j 

L^jLlL 4 ^IjuVI ^jLua-i 4 j^jLJ I CjLtltlll iL> Ojj £) I 

^jLtlil ^lj)j II I JJt i t-3 ^.>L Lt_*a ^j_xa . j. -l^TlIIj 3.}jj>JI CjI do 

4 c_< <_u I j_>J I 3j. ^ ~v I ^JLa 4 4J I 3j. ^ ~v V 1 Cj L*_j_i_^a 4 33 dj ^ jJ I 4 J j Ij-^X I J 

4^^-Lb^Mj tjr jl_c. , ^l 4 ( _ 7 _3 _j 4_4jjJ,l i_aj 3j-^j>-!j 44 Jj_^j>JLI l_3jI^JI 

S I j_>. 3 j_l*_4-s3 ^Lsjv! CjI 3111 dij tjfjc, ^JjLk i^£- 3jjl_3JI 

Jjj tl )^ 3 odJ <J *‘ r -J — <d (jy-<a 3 -4j 4^j — C 1860 a^-J! ^ 3-33 J 

£_1j 4 4 4 ? 1" da 4 j^jL CjLddaj £_] uj ^LjL (3 - 14 J£ CJI) ^ ILjlII 

(4 — 14) J^djJI jVjj jLL 3 146 jj5cj 2007 ^L*JI l^L-u-a 

4 ^ ^ 2008 ^L*JI 4 j^jLlII oLtilll 4 3 I~ 3& 1 1 cjL_ 3JI cjL*_u_t 4 j^xU l-^uJJ' 

(5 — 14) JSLCJ I 4 La-La I JjS> . 4d jJSLI 4j 3j ilo"! I Cj V L t_l I j 4_cjj_ta 

St 

. CjL*_j_lI,I dij 4-aeTul.l (JjjJI 4^ >J 4 j^j_1,I c_<_<_44_l1I 



*i 1000 

| aoo 

1 600 

°> 

f 

J 400 

0 

5, 

i 200 
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o 

I ^ s 

«°S“88 , "* , » r 'rO. 

.,/ ■/ Sf 

■J iiJUt JjjJI 


^4., 4nTi (JjjlJI ,lr. 4-o^jULJI ^JL-tdJ 4. >Vtt I ClSj— CuC I ^jjjj :(3 - 14) J5LCJI 

4l-> ,„l^j4>:LCL.u (< aj J^. 4utl) .Q[£j—LuJi C.LITJ 4SLH11 4^LjlJI ^ 4 4 1114 )jJ I jj-Jj CjlI ! 3 

f ~ 

.(10 ^j_4 31.47~4t.iU 4-Clt^> CL3L_J I I jLdcl CiijXI 
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4_jjj LJ I jj_4 4 3 n>tll ljLL 3JI t-jlju-kl 4 j^jI! >_<_>.u-U I : (4 14) 

j)_u_j_(_) JSL-JJI) . 4 ... (J5LJ 4 . ^ i ■ t-» ■ 1 1 c^l_>ai ^a— 3^ 4_cj^4 4 2008^1^3^^ 

.(11 jj_4 31 rt"u.ill 4-ul C jLjL^JI bl^jud v_4i^i.l 4 Vi uil^j 



4_ijjUJI l j_4 4_3_LL>J.t ujLl3J I CjLji u_d 4 j^_J,| :(5 — 14) J5L.JJI 

o.’uaV) JiL-jJI) .4J£ JSLI I JjjSj 4^jj^a <2008 ^LsJI ^ m3 

/ 

.(11 £->-jX\ ij-4 31 3*4 tull 4-jJl l3L3L_JI lJiJJI,! 4l^> « 


jjLJI f 1^1L>.VI • 

^ — U_*J! I j — & da — ljjj 

I 3 jo jljv. l-oJIlu 1 jl£Ju!j 4 cjL?cluJ.ij jJ i_uJl ^LuLj 

4 4-U-^-J I Jl_A L*I 1 J Cj l_*_4 L>J I ^J_33 (j 1 4 C. £1 J I J 
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1 < 1 t 4_i^- I 1 I jsSJLya 4jLa^>» 



Lj^VI 


lLUj£ t * /^>" ! I j ^lluVI Cj L lL^jlj 4-oIjlIX I 4 rtj4 jJI 4 -uJalll I /«ol H 

t _ ;r i(JI j> j — c. olal^j ^> c - 

4j^_jIJJI !j U_> 4_SJjtHil I ^-1,1 ^ ill-lj 1 ^ j 1 r. t~< \ i^i^. 

2000 (j-A_al_*Ji £j\ j La 3j.‘i a 1 1 ^J^L». il ^jlr. 4_a-jLaJl 1 jj>» I j 

, (15 - 12) 3*1 j_i 44867 ^1 :2007j 
a^U.1 gj J^VI cTjUIj-J (6 - 14) J£AJI o^j 

(j'U La SjJLaJ I JMiw Lti | Cj Lo_j_lLsjj Lj_>. jJ j-t^Tu 4 aJjtILa I j_a 

• £^_UlJ I <■ > A \ 1 dj I^-Ll-U 4J (_u ‘2007 j 2000 (j4_aL*J! 

j-Lcui I j_a-<J I (J J L*_a i_La i_u ^ILa <_j 1 <_u_>. < tfuJ I I Jl& ^yc LUSLa-JJ 

— £jd! S^iLaJI cjUI^- 21 t-i-L L ^1 j — cJ 

j-sLlII )) ^LuVI ^4 l~>4 ^ zz->~ 1 Jj_La_a I j_a-> ^y&ju La-a 1 4^Lt! ^ 3 1 8 

ji 

i^t") 4_a-3LaJI 4 jj_sljJI CjL^tHlXI ^szj>- jLoj!^ t (( ^_^>» 

, (16) L^ 



Cj I yujj y LJ 1 Lu>» ^_i5Lu 4_ua L>J I ^ I i_j I c lj-i J-lC : ( 6 — 1 4 j ^JSLutl I 

bLa^l i h tjll 4l^i uil^j a.*u ail ys J5L-JJ I ) 2007 j 2000 ^ysLxJ! > L_ a 3j_ Hail 

.(15 - 12 ^_^lji,l ,j-a SLalLoill AjJLuajwVl LjljL_JI 
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jU* I Lc, 3 JtjLxJt l-u^151X) 

3jljj_jJI 1_^jL^H_L«j i j jLlII Ll>> jJ j-t^TtJ 3 j SI jJI t - < 1 3 1 1 Lr< 1 1 

l_^J i^x 1^-U i 3^-t-u 4 O^-uj Lj ^Jl_*JI (^)L3 t IAuj LaI t t ^_JI^ l 0^_L4_l1 Ij 

:4_JLJI dsl_3_Lll Lfcjlraejl 1 4 3 lit V 1 \ L-J-UJ l£Lt I {jA 

. 4j jli, I 4_l3 j_>J I o LJ. Ij 4_jjlJ I 4_>J L*_4 — 
cj L u^fel] I (JL>ol jJ^L>» t^L>JI j! jJ.1 ^"< < nl oVjl*-c j 3 *^3 — 
.jjLJI Lx>-jJjJSu ijr lc. 4 _cjI_ 3J! 4_Jjjj?tlJI cjLc. 1 < /^> n {J ^ 

3jl_33 <_uVI J>LL ^a l jjtcJJ 4jjHI cjljLiJI j-j£j3 cj!^ i_u_c — 

♦ 4 ilol J-3J1 Lj^L>JI t J_u_Laj ^j-C 4-U.U-4-JJ ' 4^LLJI Cy* 

i JL>w 4 • 

(_3 ifuSJIj ^ I 1^1 11 ifulJI 4-L0 I Jy IS~I AJ 0$.\-£& 3_}l jj — 

•o^b-^b f bi^' 

♦ gLu-LaJl 1 3 » 1 1 j sJjjJ! 4 -lLlL^ — 

♦ 4-lL) ^TlcuJ. I <j LLaj-col I 4j^31£Lo — 

. 4_*j>J^>JI CjLiLa-*Jl OtVaZ 3jLjj — 


U^uJl • 

oLJJ 4 _Jl>Jj 4 >JL*_a J^j jJa 4 <_jj iHJI 4?LJ. <Xja I j jl t/i a j jj — 

.jjLJI CjLj_L3j 4 Io < ill jj 4_>JU.I 

(. i ^ 1 c. j) i^> ^>J 4^LJ,I j~}^j 3 cj! j > a \ 3«;L3^ £_ £j — 


( jyC. t 4jjl J-5tU--lJI ^^y-L^ljVl 


JlAll ^jl^4 • 

ilj i4_tc.ljjJI 4_ij*lJ! 3^ 1 3^ bj — 


. 4 j^jI_JI 


«ai 


f 1 
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. Lgj 4-i-o-iJ I CjIjjIXI 4j>JL*_4J 4j>*jJ_4 ^£1 ^SLsellll — 

« Cj L-Lu-o^TJ 1 4^Ll^Ij t4 4»loVl CjLjcIuJL 4_uIjl*J! 4 4j all — 


Sj^i jjLUI 

Mill ^jojL-uVI ^£ ^j_3j j_jLl1I Cj Lj-L3j ^^yJI lj»li_} 

Ijlj jus ^jJ! I 4_li_u2_>. <jJ 13 jlij j jl^s 1 3_}Li,l cjL^j^_>. j cfij j i 

U^jJj_£3l]l j-zz-S (J^>* ^Jl 3^_4 4js.lj.fi Jjju jojEJI 

4 3j_j>. VI ^j.u.^-vJ I Cj I j-LcuJ 1 JMiw ^£ i<Li^Juu2 JJ- 4 VI dolj Ju9j . 4 _jj_j_>J 1 

4_j^j_>J I L^jJj_t^3J I cj! j_L3j £-g jjLlII cfi j_L3j CuJLLsu ^/lv. 


I JuJ 1 I J (j Jl3^ . « 4_jj_j_>J I J } LlI I Lj_>. jJ a_tS3l )) 4 Ua_o C-< >0 

3jL 33 ^V! Ijlj Jl 3^ I jJ *_lI1 ^jJ 4_j_lS i_u jIjI £y\ 3-^jJj-£3l1I 

U>- jJ <jl 4_uoLv. t4 jjjjvJI Lj->- jJ j-^TJIj 4_uoL>JI 4^U! II 

1 \~ 4 \ ^Hl I Cj 1 j < 3" II lIHj (j- 4 j-iTt^j (_ujl i3^JuLLa Cj1 j< 3~ ciJU b -CJ jjLlII 

4_jl3j £l i_ujl 3j>Lj — ^11 4 _j i_u_l 1 Li — ijr lju Ijj&j . 4_j^j_>J I Lp^jJ^rJl 

(jojjiiLj lx-4 4 jjLcII 1 jjv jJjJ^JLs 4_La_iJjJ,l 4 _aj9^1_>. VI 3jj Laj>JI 

. £Jj-4ujJ I ^Ji*. Jill] I 4_j_< C (->.j 4 j_Laj>J I 

jLCu « L*-^Lj» L^v. j : j 3 Ju Jljs. Ll>. jJ jJSCj JSLI dl Ju V j 

fijJV. (j- 4 Ufi-C. Jlj *3 (jl (jP-ll ‘- r < (_ul£Ll.lj JLjIjjLII 4_£.j_4-^-4 ^ £ 

I J-E l3t_l Ij CjLj jLTtlll I ^yj4 4_C. (( L^HjL^C )) i I 1 3 J 1 LaJ 

^jj_Lll ^ ^k > I ^Lul Ljj>- ♦ L^-l ^Ifrfltl ^ lo" 1 1 jlLc. Cjju>o 

4_«Ijlj^3 ljj I L^-j 1 4_4_<5_II i_oJI 4 jjijJJI 4^LLaJ| CjLcI Jlj^3 <-u\j 

.cdJj JLl 4iVjJU 

J> 

4_ua L>J I 4_« jJi, I jls V Ij L^-coAj tj \- j I I ^ 3 lo / 1 1 ^j_4 (j-u-jJ ^ilo 1 Ljj 

c_jL}j>. jJ ^}\ V 33j 4 _L^v L$J_3jj 1 4_u32>m cj I j CjL_L311L 

. L^j 4_u^> L>J I 1 _Aj_Ls lie_4j 1 > j i Uj 4 L^3jj_A Lo- jJ jj£3j (JSlls 4 4_3j^MJ I 

^ (_llJ I j 4^ L3U !j ^ jJl*J I J 4_UjJxJJ 3 jL2fc3_t I ^4-4 V I 4 4 tv< 4 C-<-Lu J £j 

UNESCO United Nations Educational 4 Scientific and Cultural 




36 , 


-sic. 4 _ 31 l 14 4 L>J JM k ^ 4 Organization) 
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tja j\m$ fr* ^iUJI 


i ^jlr. — I4] i <; r. I 4£jl tilJsLi i__3j CjI — CjI u~\ .c^ielLlI 

The 4_o» jJ J- t^Ttj I j 4-l^-UJI V 4_J,l_*JI 4-L?e-UI » C-< <_u_d^SLJ! 

World Commission on the Ethics of Scientific Knowledge and 
jLLi* ^ cjUUUI <j_A jl^i Technology, (COMEST) 

^LjlII £yA j lo4 4 Jjj Lkjod (jl^ £yA 4 a l"i ^ jJLalj 

£ Ijo* ^yA L^jj Jo. 4_j^^lo. Vl Ljl l 4 3 Ilj ^_LslieJ,l jLsuI 4 o.i^LL! dl 

jyio. ^yA 1 L&jLj V ^ J II 4_uLj£j 4 4jjjL<JI jl j-c-U 4_o» jJjJSJlII CjI 3 j i E" II 

j> * 

. 4_djJL3 (j\. 1 1 I 

4 4_cl_3 cJlj 4_j^l jCi jJU j 4 4j jLodLs 4_Ldll 4>Juk 1 4 c. I Cjj_uj Jj3j 


LajIjTj LajLsuI 4 mi41-L<3 £-A 4 l_A Ju Joo j >E> Lid I dlj 4 -l^_<-uj 4-lT(-«C<-tl 

4idlCJI 4 j jL*J! 3jj J II CjI i_4jJ_>» CjjJlc. dj . £_d?e-l I ^ 3 

42003 ^L*JI <3 i_4iJ_i CjJ_3jtjl ^1 «C-< (_4J_43^d!» <CjLc.LC<JvV 

3jjjJI CjLiUI^I JMiw dJIx^ 4 ( JjjI^_JLj « jj_ulo- j jj» 4JjJlc 

2005 ^L*J! ^yA CjJl3jljI ^3-11 4 L^__<_44_<2j 4-oe-U 4 _juI^JI 4jjL*JI 

(3£>^ 4luJ 3jjj^_lo 4 4 Jij^ijtj (Jl yQ « CJ^SLj Lj » 4_uJ i_xa ^ 3 

4_j_l1_4_uJ I jlfiVl jL*_sI 4_4ai^l_Lo 4_iO.^LlO 4J Jjd J 44_OtiII ^yC. Jp^t-a 

jljLC.1 4 4} 4 4?jK" £-A 4^jL<JI I CjI 3j i to" 1 4 3 1»" LI jJoLidl j 

4 4 to < o 'i »1 4^>r.^/l JjjJLI ^3^*^ ^L*-II jLLsVI Jljlj 4 (( 4 4_3_ajj 3 J y<-u-A)) 

^j-ojjLj 4JjJlo 4-uI_lIL<-uI 3jj J dJ3 Juu 4_L?dJI CjJl Iic.j . 3 JurtHU ^_«VI 

4 4_3_jj jil dJj 4 4^1 ^LlX dJ3 j 2006 ^LjlII ^j_43 ^_jj^j ‘ I~<-4jJj-3j 

4_bLCjI^ Cj^LjJl*HII ijy 


JU 4^1^! J< c,n ^ C z - I L- L/ O C 0> 

4 CIjLho jj 


^JJ-SJI 1 JJt {_yA Jl3jlII 1 


4Ji_4-3->J^ JrU JjLJtjlaL^fa4 • 

j_Lc j-jLJ-II Ej>> jl j-c Cld.L^ 


4_iJjCJ» I 4 _j_lL_uJ I j 15V I J 4J_4JJ>d. I j-E Lit_l Lj J.U-Q 4 (_yL>- 1 I {yA 4_C. j_^j?c _43 

oT (j^-II ^-ELitXI dlj j^-jI 3-° ^ ^ I" V 1 1 cjVUtll \ ^3l 3j 

: 4_JIUI LjLCu3JLj 4 3U"ill cllj jjLlII Lo-jJjJSo cj 1 3 j i E " j jI ja L^j ^_u3 jj 
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. 4_i 3^L>L Ljl /.o4 — 
. 4_lc.Lh>»1 LL-o 4 — 

. gl \ S 1 > ^s"i £ 1 1 < 1 i s*s £ — 

. 4-lLu Ljl <.o4 — 

.2b^L]1 jIjJLI Toxicology 4_LL*r<.a LL^a - 

4_jj_iLJl J>1 jJ.1 4_) ^ lUj La 1^_L_) i Lis j <af.j 1 JljILju <■ 34 jJ.1 jl Jsj jj 

!^ya 4.C. j jUj j^aVl t L^j Jjj oj 3 y=>\ aJfc-> 


4jj_iLJ 1 _}1 j-4-U 


: U-° cP^li ‘OihA^ L?^ 

—JLJ jX l jy£- 4 3M t to I L 4_5 Jl3lLs 1 J-A — 


J-UJ I 1 Lj (J-lLcuTl! 1 $; Lj I 1 * ) Lua 3j JuLt ! ^ JlCJ 

^Lo*l La ljl L^ZulcLj ^JLLajlj 1 ^jlr. 3j. to j < << 1 1 4jjLe_4 (J_LiS (JLH>J 
OyLcLilIl 4»j ito (j'VJ 1^ uLjj-j £)l til ^Ij . lLU j ^Jl ^_dVl 
tjyi VI l L^UjI c_aA i^oj ( _ 7 IxJ I t4_jj^jJl Cj^Lc.mL 4-jjl to mi .VI 4-lLu.LIlI 1 

. 4_i^oL>- CjL_L3j ^ I jLdu_ol (J V-j»- 

L^_ua 3jLjJu*. Cj^LLc jj^toj t4_jjjl_Lll jl j-<a-U 4 _j_>.LuVI CjVjlaJ.1 jjj! — 

(JoO-La 4juL 3jjto^ ^yiaJLjJl Jilc IJlAj . 4_pajj 4_i Lj 3jj j. o ) 

. 4-La VI diLa jLtIu_uV-t 4 j_1uL]| ^ljJ.1 HJj 4-lLaI (jLa-Ls ^ Jl£. 

s 

jlj_<aJJ 4_^olt,l (JjJlII 4_a1sj_3j (^jJl (J-olSLIl ^jILjuJI Ijl^j J.L.U i jy >.lj_A — 

* * 

4_cl_u-ja j l 4-jj-SL<_u_<J 1 i " < 1 3 i . L~ Jlj (j^ljx.^1 (_yfl — <-J (PJI 

♦ J-flLLJI jLjJI <LtL_uI 

Juu uiljl Juj ^lll JjjJI diLa^£L>. JlIc. OjJ y 4_u_«l ^>^>-1 J-A — 

J JlI 1 i_iLbJ j . jj LJ 1 Lx>- jJ 4 jSj tlolj 4_uj5e_i -g-A 1 y j ito toL. j 

^jJJL j-» — cuJ 4_^al_>. t^^LjJl 1 Ju^J iIlJ (jl Jr^l 

c 3 jusuIa c^j^a ^LLl ^jjJJl lLI — L illi ijr £ L^jl — ih±A ^ 

. Lt j1dU 1 (jj-^Jl 

^JjjJl *j L" n tl ^^1 x^alaVl j ( j r «a-LH i_uJ,L ^j-Lri ^yu >-1j-a — 

yxAJU (JLH>. 1 3 jl jjj i 4_o^ jJ ^iSLtl jjLtl CjL_L3j c__ 4 £j 4 nlitlll 

* L->- jJ 4 m 4 1 «i jIjj Lvj 1 ^ 4_j_>. ^J ^JSLJl 3 jj5c_jJ1 
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^Oll jjLJI Ljo^IjoiG 

CjVLotll jjLlII LojJj_£o CjI 3j ilalll 4_»_5e_*faX!j 3 JlC. I jJI ^oLlill CjjI 
4o l_c.jJ I J t ; < V'i 1 1 j t $. I j jJ I t £ 1 Jl*J ! 4 4-u-J lo 4 31*31 1 lo 1 j>> 3! I (j-u-4-J I 4 oj LoJ ! 
^OsVl 4o_t^J £_jloJl 4111111 4_u3l>U ^slo^-lll 1 ls~lj (jl 4 J 7 T ts\ II 

United Nations Millennium Development Goals MDGs 3j vUI 
(—3 1 JufcVl 3^" I ^ (_uL_uI 4 j < 33*C 2005 *11 0jOj_3j ^ £ 

3 Jo- ^j_45 c 4 ? j 3 *a-3 1 1 j j-u5-* o l Ij 4 j_4_uJL) 4_t-^L>JI 4HHII 4_ui]^U 4 ojLooVI 

(((^jjLlII jJJ » j» ^33j t I j ^ 3 4? 1 1 4_^o. L lI I cJ.1 

j 3 4j 4 4_i^ ^JL*J1 2 j I Juosl 2^ 4i. lo 34 Lo jJ jo£o 4 <5 J 33 1 ' 

^j_43 JuJlC. ^J_l4 ^j_45 ^UTlAVI ^j_45 !jo!£ Jl_G 3JlC.IjJ1 Lo jJ J-£UI t-dJj CjljUJ 

4^2^1^-111 4^!^! 4 44_UJ_L>JI loj^ 4 (j\ IS~\ H ^JlLc 4^_ ;r 43ljJI ^Jl_*J1 (JjJ 

4l_d_J u£l\ 4 3jJ^L»J LJJ 4 Lj^Jj^T OO J-O 4(jl^jlj 4 Ljfi^O 4^jl^jl 4 £j\ O-OJ V I 

43jI_4IoVLj JO Joll ^yA J . 4_IjJ jjloO jol 4 Ljj-jJl_43 4 1 J < <M 1 J Jill 

jjLlI I 3jjj t ** < 3 1 ljj ^Ull 4 -q. jJ joSUI cjIj^UI 4_45_jL3J I CjI cLlooll I 

4 JoJoll CK,J1 ^LLa_3j 4 lo i3^J» ' Cj l_C. l_u-£il I 4 t, ^ <1 /.ollj Jo JoJ I <4_iZ_ 1 _L_ 4 -o (JlLo 

44-uj. I I CjI Jotll j 3j. ^ *>-3^ I 4-C.l } ts~> 4CjIjL <_4jJI 4-C. 1 1 is~> 4^_j (_44_Lll^ 25^d^ 

(_j_u J ^ ‘ ^ l3Lfc 4_Juo 4 _u_>iJ 4_uj ^ II L 450 1 J ^Lo>o 4 4 jjjjo^LlVlj 

(jl ^Jl 4^l_ooVlo I j £b . ^yC. 44_j_45LlII I LljJ 4_45jje_oo 2^ J A ' 


4 L ^jo£LII 4_l£. 1 < <^>II 2jJ II J-l4 {_yjt 5 JjloJIo Cjj^IoI 

JjjJI L-k\ ls~> 45 ^^yJI 2j Stoll 1 ^ 3jjlo ^oll 4—10 l_ll I * i o A 

2jo_u jloeolj 4 (-403 Lilt 4o (foLtll 4 45 ^j-O oot l_oo3 4 ^ 0 lo » II 

. L^jlotOO_45 J^j^-iuol ^Lc 

2^-1 (joa ^Th 1 L - U l ^ 4 Lo. jl joSoJ I 4?J \-£t 4_loL<J I LlIjJ Cj J oj 

t 4^LLoJI^ 4?lo_t I 4 4_Lj_lJ I 4 4o- is~i II CjVLotoo 4 3l»3ll 1 ^ KLCL-O ^j_45 2^ 

» 4o Jljl 33 1 1 ^2^-LaJlj jlj-ll L 4 I 2>^ jUto] i^yC. (jyoll 2^^121 ( -dl3 

g.1 4^> 3 II 4-11 » 3 1 1 4_45 -aI (_4l 1I ^1 jollll CjI 3j 1 U" ^jjo ^jT 0^3 

2-^ 0 ^* 3 ^ 3 ~ 3 ^ 3^3 4 ^^11 — aLLo i _- r l- c ' 

. 4-0 J( 33 1. 1 L^j 1 3 j 1 U3 ^-^3 1-^1 1 4_o IH j"!^ Ij <4ooj?t_ill Cj L c. j^-xfoll 
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cj 1 3 3 I 1 jJ I L^j j j L] I Lx>. jJ ^ j) 3*nj 4 1 j & 

(j-a Ju>-lj ^3_La i_3. j-Ls J_^_ a_J C-c_ 4 _>. t3j J laTlI. 1 C-iLal Jl^cH ^Vlj i ^ Ha jJ I 

I Jafc 4 JUJI 4 » j t lo i j . ^ Hj-lLsj ^JL^e_a ^j-a^-^l 4 j^jLlJI 1 ^jL^tHIa 

jjLlII Ljj>- jJ j_i£j t_kc. Ll^j (jl ^j-a-3 4 1 jJ . ^LuVI 4 3 K~ (J^m3^j ^ II 

V-J i -u 1 ^ a i Jl3j J>U. ^j_a eLU3j 4 4_j_al_(J I (jIjlLlII 4_jj>- L a VI 3j J-3JI a 

tjr ic. (Jj) is\ >JI £j. a 4 >n I a-a 4 4 < j ^ J J 3j^Tu-a 4 j » j < oaj ol_tla_»J 3 J j Jov. 

j? 

CjI 3 jl ilaj ^ J-jfcTi-4-aJ 4j_»_4_4i]l 4 4 ^ 3*a- < a 4 4 a j 3 1 1 4 _lJLc. 4_jj>. jJ j_£a CjLstlLLa 
/^_a_j (jP-II 4 -lu-lI I CjI__jj 1XI ^j_a ^ <"ial_A j Jlj 3 VI 1 ^ < f . c 3 1 V<j V 4 4_c j_u_a 

. L^3_>JLA_aj 1 ^ tic. 3^ Uj < ni l 


^L«ia ^j-uJ I ^ 4_lJ I JjjJl jjLJI Lav • 

4_uj_*J I LjJjjJ c_jI j^. (2 — 14 ) iaJ! 4^ ^ loj La-^ ^a-CjJ! ^ If. 

j > 

(jl _3 t ^ jLlII 1 j->> jJ j_£aj ^aJju ^)-ol >JI t 3ltS-I.I ^.a-LaJI ^ I 4 jvI i_u 

s 

^yC. Jl_ 5 til Iju^J 4 31*111 4_jiL?e_iJ Ij 4_j_a_L*J I 4_La La VI ojLlC ijr lju V I j & 

^a-lL*JI Ja_a 4 ( jr JjVI 3^-aJJj 4a 4 l_3l i_u lo^3 La^j . 4_u^_*JI 1 m 3 lo I a 

c_4^l jUj (j! 4j Lif. (j-aloJI (jj-3JI JjIjI \J,J — ^-^1 4-td < 4 ^ 1 1 1 4jIj^j ^ — £ 

^_a 4_uj_*J I jJI ^j_a j^uSLI 4-u-^t-iJ I j 4-La-L«J I 4 V\ 4^1 \ Vlj 4 j 4 3" 1 1 C-sl_aLa3_<i>VI 

LaLalufcl 4_a J 3" 1 1 4 _lC. 1 4 4^->II (JjJlII L^_jJ ^ 3il CjVLstXlj CjLaLalu^Vl eiJ 1 j 

^j^-jlII ^_lL>JI 4 3U la 4_uj_*J I I LljJ ^j_a q ! aju Cjjjl ) Jl 3^ . !j j_i£" 

4^>a) ^^y-Sjj^Vl (JLa ciJLj ^j^jlII JlU;Ilj 4 ^ Io4 4d*j^SUI 4 4_j^ l^JI) 

^_al^-j ^_44_L4 _uLj ^j^-4Tu->J Ij ^jL>tII Jj)^_aJI 3 » 1 1 dJ I \ ^ju-u 

J^LtiuJj I I Jufc ^Jl Lu Jl>. Ct a 4 ^ J Jdj . jjLlII ^aJL*J j-4_a-3 j^lj-aj 

4j^lj^>J! (JlLa 4 t _^j>-I 4 3j 3 mi 4_Uj-C. (Jj-i 4 4 , a 3‘i (JL?eJ,l I ^Tu^-lI I 

4jI^ l^i^juj I J-£b (jlj . (j^-La i_4il^j 4<Jl}ljLaVI 4 C_j^JlXI 

4_a j3"U Cj L p- jJ j-i£Ltj I 4_La_4 > Lj ^^yj^jtJI I ^a-liLju ^ lc. J JlJ 

LlKI tiu_a jjLJI Ll>. jJ J- t^3 diljjl c. 3 j to JJJ 4 iJT Jj-*JI ^Lj-^UsVI 

4j^- 4^>I I 4 j Lc.jJ I j I ( j_L> I ^i, I 4 tiu_4_*_a i-u_>i_jj 4 4 j 4 ^ »" i_u_l I 


. 4J 4 j iUII CjLaJiisJlj 
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l a V i^xLaJLjj 


LaaLai (J!j La J^o^-Lili <gt! ^yTo^-iJ! (JLeJt! !j_a (j^H^Lj $.1 LL*^ 

L_>. jJ cj jl>. j ji ^ . La j til uA^- ^LJI 4 » „4lit ! j i Lsl Ch j 

L^_Lo ^jlZUI 1 3j. j I? £7 t ! j 4_j_L*J! JjjJ! ^ a 4_jlL?t_J! cjLaLjiA^M (jr^j j_)ll!! 

4_oaJL*J! 4 ^1-3 Lit! 4 -lLv. dLL» id ji i^r&^ *4j!j C-< ^jJ! «LJ!j 

La^ t4i^_*_t! j ^ L*J! t _ ;r lc. ^LLiJ! jLl£ i_u^M ^^yjLoa cjjj c.j * 4_4jj iJ! 

(jl Jj-i! 1 4^1ji_>.V! CjL! j_jj 4aj^_ai 1 4-^.m 4 -l^-AI Cjj^j! 1 I 

(j7 £i 4jj_j Laaj 4 jv. l_4^ Cj ! j L3 L) Ij 1 4-j^. 1 Ju V ! 4iL La I ^La ^£Lata 

3j_}li t JlC.!^J! L^jL ti J L^j L a-La 4_a^_*J! 4aa V ! j .^JL*J! ^La!j <J aajso 

(JjJi j JloJL L^LoajI (j\ i_u_>a u <>> t!j t(^Ju5eiI! !LlA 4_£j>J j_ 4 Cr^" 

. 1 L^itjjL £-4 (__<_<_uLuj 

La 4i^_*_xa 4_ua-Al (jl La i^ljJ! (jr*- 4 fcL} ^i! ^jLil! ^ila J 

jJ! t jjL!! La^ji j_£a j ^-Lu 4_iLjLaa 4_iata 4_L Lai L-° Ja 

<J_u! j_<_u!j Lj£jaj (j!^a! (J^La tia <_ujV! Jui! 4_3_L_aa Li 4_<a^Llt! 

4jjL>J! 4_Lat_iil 4_L_LaV! £aa jLoia-t ! ! -LA ^£1 4_Loe_iJI L^iL_LaI 4ajliLaj 
^•LiJ ! 4 L i/i-v. ^ Ilc. 4a j Lit ! 0 J_A Juaajia j <_uj . 4_a^_*J ! LiiLic ^ 3 

cjLjjjJ! (J7 ^ ^aLJL 4_iL»it! 4 -Latai! j ij-i JiiU! t^y-^LJ! 

Ja Li uu! ^aa *2003 ^L*J! 4jL^j 2000 4J <_u Juoa 4ai,L*J! 4_aa_L*J! 

4_oai_*J! cj^LseJ,! jl iCj!jjui! j ^J-^oLi! cjLijj 3j^_iit! Hia 

♦ j) Lu.ta>J ! 44 _jJL>Js! 


4»j.^. b ii t a-aJa lit ! j>L L J I Lj lidi °\ ^ 

5jj iit! CjLtaV! JJlC. 4 jjLi>a ^2 — 14^ J >J! ^ ia^j 

I 4 J C^£j! i/ ^^^yi!! i jaLJ! L>»^j_£aj ^LLc. ^JLtaa ^^yi 4 _jIL»J! CjLjjjJL 

4_iL_aa 4 ol 9 1 ^J! >.^! 4_oaLi! ^JjjJ! ^yc 1 4_u^_*J 1 J !! 

ir\oaL*J! ^_j La SjiiJ! HJ jj 4 L i_uT 3jL jf c L> , << jV! jJ! 

. 2008 j 2000 
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(^±2. I Lu>»^J '^JlSo ^Jl. ,>i a j. t <a ill j—lu^a : ( 2 — 14) ^ I 

^j-4 itjjULa t4j_3j-3iil jJj-lJJ iL^LatJl 4 _u$_Ljl}I ujLjjjjJLi I Jj'jjVI j luJ 4_3Li£ 

.{7 — 5 1^1,1 ^yA 31 <?"> t ii 4 ClLjLu) . Lum I 3jLS ^2 iLu^UuJIj ^ , t-» , ,,jl I 


4-jjL3i.l 

J_j_i!^_luL) 

4_jjl_3J,l 

LjfsjUj 

SjjLSJ,! 

oink 

gi ^ a 1 . , . 1 1 4 mj 

(%) SlJLUJI 

2l_UL 

lii.Lcl. 1 

ajjjdi 

<Luj_*JI JjjJI 

0.18 

0.58 

0.43 

0.300 

589 

yis~iA 

0.05 

0.18 

0.13 

0.090 

182 


0.05 

0.17 

0.12 

0.088 

171 

(JUJJJJ 

0.04 

0.12 

0.09 

0.060 

122 


0.03 

0.10 

0.07 

0.050 

98 


0.02 

0.07 

0.06 

0.040 

69 

dPjVl 

0.01 

0.03 

0.02 

0.02 

32 

(*) . a « 

iXH*' 1 4_u^c. 

0.38 

1.25 

0.92 

0.650 

1263 





gi i Ls / 


t : LuLj 




0.76 

1385 

liUjI 




0.53 

1017 

Lj£jj 




1.74 

3363 





2.98 

5765 

£-jj3J5cJ,I 




1 j < n 1 SjLdJ eLuaLiJI jJjjJl y^~i * ) : LuLj 




18.00 

34825 

^/U-saJI 




12.00 

23217 





4.00 

7720 

JL^II 




34.00 

65762 

£j-«J3eJU 


. ^yLLiJy t^yJySejJI i yl~i^ <-u tyjlyjtJI t 


*4_^_4 jj_al Sjlc. LJ t^. < lajj JjLJI (JjJljkJLj 2_jjjJ,l cjULuJI 

JL^a — SJjj 13 - 2 jljjjlII JjjJLi i _ 3 _«JL*J 1 j liiill j — 

^LljVI 1 <7*1 r ,. a 1 Co> iJjLlII J_l£j 

.2jUI ^ 0.65 
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4jjLij 3jlS (JjLiw ^jLeJ,! I JlA LJsLc jj coll, I (^j-JlII ^LuVl — 

Jiliw 4 j 4 1 c. jljjl Cj-a (jlj^j 4 jj — caJ La J-iLu V t^4£jj 1263) ^lj^.1 

JJlC cJj jj*j u Ij ^Juj La-Lu I 1 &> . (4J3jj 1385) u±aj 3jlUI 

. (4_9jj 3363) 1^ mfl ) 3jHJl Jjlic J_ulj_cuj L^Jj-cuJ (3 bjVI 
idjL c. Jj 3f. Jala (jljjl (^JLc. (j^jj-<2_ll (J-aLoJl jl ->21 ^yz ^jJI ^ ic. — 

J-touJl 4 JLc^ jLGj La ^T^lj oul JlSU ^Ull U-clJjlll (JijsO l_$jl_3 

l_c>. jJ j-tSlu 4 <a~^l I 2a cuj ^ 1 Jjj till I 4_lLa_oa Jj Ju (j-s» L>J 1 ^-g-LJ I 

La j i L j j j I 3 j l_3J 4_<a_>- lit I 1 jfi j3 ^^ylc. (3 J) 233 4 till 1 Ur^3 * J 5 1-2 1 


(Jjj ^a jJjl^lIlj (jjl *llL (3-Ltlij Llj -43 jya jl j_>J1 1 j 


. 4-c JlIHI, I 3jl_3Jl oJul, 

(JjjJl jjtlll 1 .c>. jj jlSL ^JLt_<3 j cu_JI j, 4 I j_43 ^LLjjI — 

l_^_La *) 4_l 3 o£jl ill ^jjl JoJ I ^ II tlj col 3 jLj9 i jyz 3JlC.Lc^_I1 

3 jllJl 3^2**. 4^Jl_*JI ^ ^u.uuC 4jjjL CjLt-jI ^yz jj2alt 1 c2j jJ£_L> 

. 4_jj Lit I £_la j_4 

llUj i^ys^c. $. Ijj 4 1 3l Li 43 e2a jl^J 1 4l T 4 1 La j j £ Hi I .ijlj 

(JLse_43 4_cc3t_Jl Lpjg>. ^Lal (jjj-LaJl £_La_3 jl ^_$_^J1 < Li j uS j_& CjLL_lI1 

4 4_uj_*J I 1 r< 3U <43 ^ ^ julj La jj jji 1 4 jj III 1 1 j_>-jJ jiSL 

Ij 4 4_L_3t_J 1 Laj_j loi_43 4 \ is~> I j^a 3j jj_la Ji£j I (j I 0^3 ^ ^ -X^J Cj J uai 

1 jll 3 la < 4a (jVl LujJ q I La_j 4— 4j V 4 4 _jj>-LuVIj 4-ua-Lil Ljj^^. c 1-C.Llaj 


. (^j_c>J I ji jlSLi I 3 Lae-1 1 I JcA 1^ <^i 4^> 3fcj 4a (yCis> - L j «: La-lc. 4_jj j_*J I 

CjLaj£j>- L^j A j2j ^ ill 4 _La1jJ1 J>j^j>J! lILL 4 1 Joii ^ 11 4^LlaVLj 

j_p ca^Lll cjL>.j^ 3^-2 L^j^Ha ^Jl aujl 4 J!uH1j 4 4_cjj_*J 1 (jl j LJ1 


1 ^ «^>j j ^Lua^L 4 jjllll 1 jj^jJjI^jj ^lc. (JL?e_43 3 ^j21j 

L -£ J UJ 4 4jJJ 111 1 j-J_Hl 1 ^_43 IjJJ j£> 1 j_4 jjj-ftj 1 4_^JV J_43 3 Cj LL lj_J_43 

4_jI J^jII j)_43j .j2^Vl (_ r lc- 4 1 1 3 1,1 ^j_4j_4J>21 CjIjJ (_4jJ! (Jjliw LajLij 

Ljj^^ SjLjj ^»43 4 (j-UjJL.1-1 1 C. ^IjjjJ ^Jlj^Vl 0J-& ^_la J 1 jj_J L_3 j (_u 

LuLa-LJ 4_lC. 1 Jl-jV Ij 4jjI£LjV1 CjI a»j»3e_ll ^Lu| 4 L ^LjjjIj 4_u-^e_J 1 

.^11 (jy-y ji jl SL Jl jLaeJ,! lj_A ( jr ^ 
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3 3->^ f Lu*jI • 

i jj III I Lo- jJ j_l£u cj L j_L3jj ^Jlc. 4_t^ j-*X 1 3 I £•) i-uj I jJii-4-j 

4_uJ uj\ jLjVI j too-l Jo-1 1 4_u3l_<J I l_jj_u>JI (JjJj 4_a J 3" 1.1 ^J1 <; Mill (JjJ 

J-&J 4 L^jVL^a ( _ jr Ioe_J I ^ jGGJ Ij jjLlII Lo-jJj_i£u CjI 3j t IaJ ijr ic. 4u3^ul,l 
(J^Q (2 — 14) 4_L}_lJ l_^_4 .«C-< (_u_d^£L! ! » 4_La CjjJo- La 

4-ll^-lH l2j lo-^JtJ, 1 4 -llIc 1 (jl-3 (Jj jJ 1 1 ^ « njLaJ 3 Juo» 4u2otJ 4£jl_tiu_« 

C. up. 4^_U_»JI ^Tu-u-l I (jjJ C xJlj La (JLse_U I JuH 4_j_al_<J I LlIjJu 4_toL>JI 

3l^L^_a j I 4 3 Jo- Ij 3 ju3j JJ <■« Hj C-u Joclll I ^ J^c. ^j-a Lai L^ILulcl ^jLju 

j 

CjI^jjlXI jo-jj ^jl l_L& Llj^La-J ^ .3 Juju 3jGl£ Ju_a dujo-1 ^IlI! ^u-*J I CjI 5t_)l 

(Jj jJ I jj III I Lo- jJ j_£uj ^LLl (^y-aJLaJ I C-oe-iJ I 3^u i_4j_a 1 ^o. I ^3 ^3J I 

L^jI J^o-^Lj — io_>JI 4o-j cr^ 4 3 to <U ^ 4_al_c. 4 j_al_<J I 

— (^jo-Vl ^jJjlII £-^3 1 L 440-I ^3 (_^3il <m3'i 4uibeuil CjLsjjlU £-a Jot33 

: JaL3j 3 jlc. 

33.40. 1 a \j G 3^3-*^] 4o- jJ, I ^ a^LoJ I ^Jj^aTcJ I ^^3 los i_42 nz> — 

(jiuLi ^33 J- 4 L*J I I Jufc j-jj G 3 Jo- cJLs ) 4 j^j LlI I J IjJ, I c 4? j <.o j3j jjGoj 

CjLuI^-J-^ (jl JlLlII GUj CjLa^o- CJ 3tuo (jl Juu ^^^j^-jlII ^a-IL*JI (j! JlLj q. 

dJIj La ^^LI i^-jluJI Lo^J^J^uJ 3^-^ 3‘^L^’ 4 ^j-41-; luG ^jJt I 

. (4^1311 (j I JlLlII j 4_ujjlJI (j I JlLlII juii^ 4^3-^LGlLa 4&M\ 

Cjjjreuil ^j-C. oJI (3 1 a r. V I lo4j CjI^j Gull jj J ujIuC. — 

Julo-^oJsl a 3jLG lxiVI ^JlC.j 4 jjIuJI Lo-jJj3Suj 4 ioL>JI 4 uaJuJ I 

. {j\ j <lo^JI a La-Ltll 4uioeuJI 

Lo- ^ lr. ^^y^ £j\ 1 jQ 1 1 (j^uo- LlI I j a I a-LtJ I 1^3 ^ J c. — 

4_&lo-^J!» l_iG 43L?eJ,l I J A ^Jl 4 4^1 4^1 o-"( a ju£. 4u^ ^ jLlII 


. Ju Jo- U, «4 _lojJLI j £jJL33J! » 5^uLlo3 3-^^ Cy* jl «4-La->jl^Vl 

y^j-suj J (jy £ JlLlII Lo-jJj3^u (^jj — 3 ^jl La <^£i GJL^ tiuJ I — 

jLio3 SVI 

Jo-I^ 4 _uJl£. Cjjou ( j_a (^joeJ LaJ ^JlU ^aloe-U jl^-^1 Jjlju^l ^ J^. — 

. 4 j <loji I 4-loc-J I 43 Ll4j-<_u J_a 


292 


ija fr* ^iUf 


. Jol jJ! (JJj-jJI ^JjJ J-g-*-ll 4_bl_3j <_jLi£. — 

. IrloLjl ^j-£. ^JjIoVIj ^JuVl 4_bl_3j — 

4 3 \ 1. 1 4-ll^-lU 4_la iIjjVI (j7 ^ ^JlSjJLI ^gJLaJI <JjJ (Jj3»ll 3jjsejfc — 

. L$jL3_jjlajj jjLlI! LojJjISLLs 

> 1 

(J7 ^ ^ylj I ^_aLlU g_la jjLlII Lo jJ jI^j j ^Ijjl c. — 

. 4j_<_uL«_uVI ^-iL a JI Jo J_g 

(j-A 3 3~t 1, 1 (— Si ^L> 4_j_gL<J I JjjJI ^ £ ^UJI dxJtjJI ^-glacjg t_jl£! jjI — 

. Jof) jJ I V" 1 1 lo 

*Lt^ Jj-L^ ^ i 3 » II dill ^J-C. C-JLiuJI djLJI 

jj LU I LojJ jl£o J ^glc. J L^e-g ^ b L*J I (j-Oo LjJ 1 j g U-UJ I 4 jo jj — 

Jjlo jLstjl ^ 3 Cr< jJL»J! ^ xfuJ ^Luj 4 -u-^-l11 

d-J lxl£ 4 J^l lIlA (j_g ^g_^J Jj 4 ^ol JJ U, 4^*J JuVlj jl^LLs^lj J-Lglj I 

. L^J 4 j 1 4 c. J jio £-j3a _9 (jr^ C '-^J l-<-ul I dj LojJjl£diJ 1 

4^lj_tIuU (j-aloJI J1 g c . Vi ^LLa3 t s Jutj JjJlII dJJj (jAloLtll ^Ljb — 

^UJlj ualsVI JjJj-U djlb 3jl oil 4jjJt_tJl £-Jjl loll Jjj_gj (^^^b 

* daoll 

3 Jlc. 1 <^!l c_jj_L>JI jl i 4 4 Jl 31U (Jig mi!1 Jjj £-« ^jJj jJI (jj 1 *lil — 

(_£ Jol 4_tljjJl 4£jLH1 4>Jufc Juuj . (Jj JlLlI 1 ^g_^3 4jjjcj £jjl Lu_g Jlj_3_lj ^b 

4 4_j_Lg_*Jsl djlj -L^JsejJl ^ jj <_u_g Jj c__JlajJ1 4_ujL>J 1 djLjJVl ^gjfcl 

(jyjJl ijjLtJI Ljj^jJjJ^o ^.jjLtfdg (Jjj-gjJ 4_>.jJ,l (^^y-g j£j>J 1 ^c.jJl (jlsLiitjlj 

. L^UjjL} ^u3j Lg LJLi: 



^Lo^UaXl 4-jC,Lgjjv V' LjtjjJLjJl • 

Lj->. jJ j-£r<J I j ^jl*Jl ^ II 4jj_Iajj (^jJ.1 ^_gHje_ll ^g_ukLLg djj jju Jl3J 

: dj jJIjJI (j \ j 4^M_»JI diJt-t-uj Lb 4 (jjj_tfuJLl I (jj_3JI c 3 Ltal I g Ju_g LjJ Jo. Ijjjij 
La>j_ajo ( jr b J ilgj 4 g ^ gj Sjjjlaj 4^^Lc. 4^_ gistilj L> jJ jj£jJ I j ^ L*JI 

CdJe_iLj I dbj .joVI ^g-AJoI Jj-C. (j^-gj V d-4-Ufcj Lg^_g ^Lbl£aj LLajljj 
4_o 1 <^->11 4_o j] j_x£jJ! djljj Lai] I j 4 _jj3j_*_L I ajJjlILj 4 ualoJI djl 3 j Jalil 
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jl Jl 3_4 j-tJJUj *_4pe_4 jLfcjjl Jua ^ jj 2j 4_j i_u_ljjJI (J_<al j_*J I 

4 i3jlU 4_p. LiILv V I Cj 1^-ujll! I j_4 ^-c^U,! 4 _lLl Cj J j La \jJt . 0 j 4-JJ 

Ijjj-c 4-C.l luaJI (J l 3 La ^ is\C. j_4 Ljj 4 j-C. 1 m H j 4 jjL^i_>J I CjIjj III] 

43Mii! j^^-ai I J>U> 4 jj ifu_J! L^jJl^ uj ^1 4_p. 1 m^i 1 1 CjljjjJL 

4 4jj_l>JI 1 -p-jJ ^-tSuJIj 4_uljjJI 4 i_u JlI^JI 3jj jj Cp - jj (J y} Ij 4 j_l3d1_IJ 

l_4_£5s_jLj J.U.UU LJj La ^yllll CjLajJjtll Lp» jJ J CjVLu^jVI 3jjj tlii j£j 

. ^^_J1 u^>~ 4_j^.L»Ti->.Vi 3l_pJI ( _ jr £ La_A>j_pLjj 

Jl 

Lp. jJjJSLJ I j ^jJjlU 4_u>. 1 juzi\ 4 j^LilbwVl Cj l^_j_pHj I 4_x£LuaLuJ Juuj 

^JLtilj 4_u^_*J I 1 Ljj_i < jr ic.^ 1 4_yaLJI jl j LJ! cjLl^H^c-c ^ 3 

^ Lw I L J ^dpe-ll 4^1_3 jj ^_j <_u_u L^IsLjjV dJiij 3j_3_*_4 4 j 1 4 f ■ ^^pa^l uj^ I 

4_u_<ajJ I 3 vluaJ I jla j. ju^u. 3j . 4 jjjjJ, I JljJ l_3lll I j Cj I J L*J I j 4 _p. Ldp-VI 

^Jj toa 34 Lo Lt-d^e-a ^JLc. 4-p. jj j-tSuJI CjIj^oII ^dpe-ll 4 jLjcIL_uL 4_Ll_ljjJsI 

L j-kj La llilj . 4jjLaILa u-U jSLJj i4Jl^ ^JL*J1 CjL*_4H^s_ 4 J.4 cuJ L^jI 

CjI^-uju CjI ^j^JlII ^ 1LJI CjLl^Tl^c Ljr £i 4jj ILL 4_j_uajJI Cj Ij id I 

L^j! Jjzt \ < d4 iCjLbl cuI^VIj CjLl ljII>»VI 4-u_L>a 4_p L^Ip. I j 4_p- jJ 

i (_y£. LdL>* I ^Li^j ^ ] 4j>-Lv l^_la_i CJUjj t4JL^la 4_u_4j Lj <a C< iltol 

daLa-sVl (JjJlaH] ijr £l£LII Cu ^3-Ji (jyJj 4^jLaH>a jl ^L i^yC. jl L ^ J 

3 JuJ J j>» CjLjIjj Jil ^tjl 4jjLe-aj t4_j_^JL»JI Cjlj^oli 4 u*. Lu^i. I 4_j^l L^H jv.VI 

CjI^>L*JI ajl Ja-j-ua ^ r ic. 1 i_uL_uI ^J-33 4-LL-A j 4^e_j i_aj ^ £ 

♦ 4-uLL-Ii cj Lb \j 4_ij>> jJ j-tSJJi cjljjii] 4_i^lj_l! 4 _ic.LiIL>-VI 

CCjI^ (jl j ijj^Su l-£> j-uu 4_iC. LjUjv V I Cj Ij -u j C J I &Jui> jLb (JL>J I 4 * j i lo i j 
l_P- jJ jjLJI Lp» jJ j_^i^j La jilc. mi (_J£! liuj j ^r. I 3 jj 

CjLjJ?e-C lr. ^ j Jj liuJtjlj (^jL>jl jj-ajl j ^1 ^ H 

4jI J^QJI J . £_<3->- 1 ^Jl_*JI (_y^ 4 j jl 4^lj 4-p. 1 It^aJI CjIx. 1 L 3 11 

t _yJL: jjLlII 1 ■ lj t < 1 3 . . L" t <d . -s- L t, I ill DJ^t ^lu jl 0JJJ /Jo 1L 

^_yil l^-I^aj dJ Jj t 4_3 jL_uJI 4-iC. 1 ltdl CjIj^ILII t ^ < 3 c. 4j C-<_< 3_j ^ jJI 4 < <i 3 i uLa-dil 

CjI^-uju CjI L^JLaJj ^jpJI 4_jj)jJ,! j-« j Jl2_i LpjJ j-tSLJI ^ Iua-J 

3_ij_L_<a Cj^LjJlju (Jld^l j£. 4_a jL^tTu-uJ. I 4x.l_u-dl ^£i 4_ptJj j3 
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. jJ j_£LJ I t_jL_u 4_tp^_3il pJLJI CjL*_*^L?c_ 4 ^-Laju L_4 4_3 j>-^L-4J 

3ju cJilitj 5jj_Laj>JI ^ji j ^IjJ! ^uj^LII ^jUJ! uuj jJsj 

p^_JI 4_tic. U-J .jLjajj^M^ i 4lu J l_>J I Lp jJ j-t^rJI <>Juk 4 _i^1j_ 4 ^JjjJI 

L ju-u j yi^u I Jl.lu3 L^Jul^cj La-4 t 4_Ju>J I l_$j Ltlu_4 jjj) laj ^£ 4_lC.jJ 1 p JlC.j 
. pJLJ! ^Lpjl ( *__pp ^pa L$_JI 4_4jl_3J! 4 jj_jLII ^-Lt-uJl /.opl 4 j >» jl 3 a 


jjLJI Lp^J jJSHj 4.3 ln.*m 4Lt^^l£*Vl LLL31I • 

Lp jJ LgJ j-3-JIj ^pJ I 4 -u-3jJ I Cj I j Jl3J I Cjj Lj I 4 (J_l 3 L^£j 1 <S 

L^jLujpj L^jIj ju p-C-^LJI (J^L>. 3jLU (_ r ic- 4 Ujgfb 4-i-oLJl < Jjlill 

jJI CjI ao£L. 4_b_uu»- CjjIj j i JjJln iuJ 1 ^ a j\h C-ij 

4-JlSIj ^j-4 Jljlj pi pJLJI (j ! i4 u^L. .^^y-jjJJ ^-Jpei.1 £> — J jJI 

«:LaJ-*JI Ju>J 1975 pLJI ^£ ((jLajJL — UJ I )) j-4-»j-4 ^£ CjJun. La 

cjLjJJ 4 ~>J ' cjl_Lpc_j t_* j>-4 4 _Sjj_L ^^yj] 4 Lpp 

CjLjL Jaigfcj <__3J ( 4 b <^4 4 L 1 .-V 4 « L^J_3jj 4 <jlj jj>J1j 

4_tL_*_U ^jLJ! ^JlA <j}Lc.j jLI Ju9^ . 3Jpp3_4 4_j_i_p 4_jf£pLj 3 Ju Jo. 

^_uoj ^J! 4_j_L*_U CjLj^L. Lc.j La-4 t4 3j <r. Cj I jL33jI j 4 V Jp 

4_*_3 I^J I LlLL t~< » iL 3 1 J ii j . J^aLtil I j Q^Tcv. LJ I 4 Li, i_L j I 

4 4_pL3iJI j 4_pJL*JI 4 j L 3 1 Lj 4_3 jI^L ^jjpj ^CpeJU ^jl 

4jJl^>JI J-)LJI Ltp ji ^jyJ] L h ^4-4^ I jj 

CjLuLJJ 4_j_Lp-JI CjL-t^jItJI ^£1 ^ ti_3j Jl3-j 4 JjLLj (_ ;r ic- 1 ^ < <I a ) 

4^j)^_*_4 ^>^*3 ^J 3 ju jp. cj! IjL jJ j3 4_lc. ^pe-Lj -L Lc_4 4 L^_Lu tL LJ lj 

3j^j I ^JL 3 Lpj I La-4 4 1 ^ i J 1 ^ j 1 c. 4 < 4 1 1 t ^ 1 * is~)” 4 (J-j-S ^j_4 

. ^Ll3JIj jLaJtll 4-LJajVl 


JaJuJaJ I j LJ I 4_p-^j Jj J 1 1 Cj L 4_j ^ j_3j ^ j 1 -^! u— 

4 4_u_3s_J 1 p L Lj ! p^.jJ 4_<aJt_J3 CjI pl^-pj ^^jl^-C.1 jl t 3jl j pgjlf. 

j-jjLMl j 4_L L_j^I 4_j^_pJ I Lp ^J j-tSLJi j j_sLJI »La-lc. ^_t£^3 <, pa J 

Cj 3^-^pIj 4 3 Ju Ju>Jl 4 j-lLJI j_t^l_3_*Jl ^-Lj! ^pe_} 4_^>-^i,l 4 jLe_J I 

pljjVl £yc. t a LSJJ 4JLl^ (J-i ljj jLtjlj 4pLejvVl 4jpL 
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4j?fc^L£Laj l)Usj_<_4iJl Ji**l Cy* ULljj 
t4_jj>Jl oLulfLl! CjLLj-tc-j 4_xL$_*_U Cj JuaLi-U 4_<_ujL^_ 4 lya ulLU j l jjuVl 

. u_<-3 I j_*J I 4-jj) 4 1 j-tC- 

<_jLfcjV! LLls_3j JLuj La CjLa^SL>JI J_* tluj ^_ojvLs> ijJLofcj 

i ajj-tTall I Cj^ss_»J! ^-jLuj CjLajJjuaJJ 4_uLfcjV! Cj Lc. j_4j?c_I, I ^1 Jiitlu_ul ljULalj 

^yA Ju JlJv J_U». 1 ^ 3jts 4 J 3j^J 4 j jj LlII _} ! ji, I Jolituj 4 US LU I 

♦ 4^ Lull I 4 j^l.Luu V !j 4 _uLu^_j£LJ! .il^J,! 

1 ^ is~i* ) iSjJuuuaj <4 lllst-a ^jj_>- I i 3j_L£' 1 jLus£ uilLuli ^Js! jJ! ^ 3 

(^J I 1-3 4 £_US ^ JSLj ‘ ^y V Ml! I ^ ^Tu-U-l I ^^yJUj . 4_l3 £-J Lu<3 3j 3 ~s- 

Cj 1 3 j i Lsj ^ l^a 4_ua L Jj Jl^ 4_j j3 Lu 1 ) I ^ jJ I ^y 3 j 3 ~>J I ^_Ls_>J I £j I 

cj Lu>. jJ I L3j L_u cj ju>- L^ 4 1 ^ Xj ^j-c. c 3JL3&IL1 I j_& 4 jj L<J ! Lu>. jJ 

<—3j_UU ^jj! ^y 3 J 3 ~>J! jis^Jl 1)1 ♦ L$J jLfcJJl l^C. L-llifcJ ^yjjl ^J^Vl 

aLSJLI ^y-^ <^~4! j. lo j_& 44_u4jL<J!j 3 j. j 3 4 ? 1 ! t_j j_* tlui I 4_£s-!jj 

JJsJ jU-* 4 4j^jL(Jt CjLjcHIJsIj CJ Ll-L-Js ! ^ 5CJ>- ^^^3 Jlj, lo U JuljOil 1)1 

LuLc.LHse_4 ^^y^ L$j 4_<alt_us j_uu Ju>o 4_*^L$3 uuVI CjLtHlXI cillj 1)1 ^^yJ! 

«:^yj?e_43 1)_43 ^y <"■!>! J JU! l_3lj_u uul (J^LXJ ! JJt J 4 4_Uj_»JI 

CjLjcILL^ ^^yJ! 4-11 * 31! 4jjjVIj 3*1! 4_^ J ^jJl 4c_4jj_3J! ^3^! UL13 

^_ul>LLa ^JL*J! ^c_uojJu udJjuj ‘J-^l^ J^ ^1 Lfccl^ulo L"( cuJ V 4 4_jjjL 

Lai 4^ J yJjLlI 1 3 ~v- 4_L4ajJ,lj 4^ Lull! ^^L*J! ^ i ^j~4 4 4_x^ !VL>- 1 j^y- 

) 4 j Jjlr.l ! 1 3 » 1 ! ^y-U Luj j_uusJ L ( _ jr LtuJ 1 ^-4 -lLl 3 £ J 3 4 ? 1 1 lya ^^y-us jX 1 
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JjV! 

J-^A A-aJiitJ (_aj,l ((^j-uJJ-L))) 4_<d^ J-4-ol 4 _«jJ£LII 4>Jufc ^ (1) 

(_J_j1^jj 4jyjge-t-all LiLp. I jl (J^lLaJI (_j_jJ J l3 ysjJu s.Lj_tI/VI j j ♦ < t 

4-3-1 Jail! 4_a I 4 ill I ^£i CjJjj Jl 3 1-3-ij^ * La lUi ^jl tlu 

4_loj^£.^Mj 4j^. x^iX ' (j\ H_3-iJlSJI (j-UjlaAi>J ' ij\j ^jLSJI ^LuLijU 4 rt_oj 


.4_j_aL*JI 4-iUI yS <Ji»»JuJ i_iUj Jlju {j yy^X I LiJIjul 

. (jUll tjy 4jLa yz ^jp.) 100/ 1 = CIT1 ^L^-p-u-uJI (2) 
. (^al 1 £j-& 1 ai ! £j-a ) 1 000/ 1 = mm ^-L3-ill I 

. (^Ill I ^ys £j ^-tLa yA zy>- ) 1 00000/ 1 — pi 1T1 yua^j^ j X I 

.(^Utl {y* jLlU ^ *jp.) 1 000000000/ l=nm 

a C-i-p- 4^j^_*_U y-^ L<jlJ ! dilj j j { yualc. 3j j 


i y-A jjLUI 


J — ^ (3) 

^ h >. *. a i ~ r £s 4, a.} o. 1 1 0 JlA> Lyyai jli_aj_)lj 0.075 ^ptu l_Aj>. E. 4 (j_ul a a 

.jJLajjlL 0. l^j £-plj-tl 
.(_JljJJ,l 4 E t u I^J -Xp. n (4) 

(5) M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater. 
Vol. 51 (2003) pp. 1481-1492. 

J-& o"i5 1 » 4 _iL£ hjiij 4^ J3-^ i -d5 jL< (_oVI I l_L*_a Jp.~ti (6) 


C-1 L*- a 1 1 1978 ^L*J! 3 jjl*J! 44^j_*J,I ^JLl yc. « ^- 3 -Ld I 

4_i Ll^ lLU l_L*_a aj. ^ yu ^jj 3 . E. 1 1 y& I yj 1 <& . 132 1 1 3 1 

^JLl 2L1 cuJL_u i « Lp. C jLi Jlj*o ^Lal t i^_*JI » yLC. Cj_> iJ j <-^51 

.25 i 11 C-i Lrr a ls~\. 1 1 4 1982 ^L*JI <59 JJl*J! 44^j_jlU 

{jjJz < ^ < 4 jjLlII Ija I ^ -4-u^l i—AJyh J-4-SZLA jin (_o! (7) 

4d4_j^LII 4jjJ yQ C.^1 4l_re_a . 4. a.j. a I j L>J I £yu 

. 159 152— c-iLa- 43.4^1,11 42009 4607 ^j-5i jjljJI 

3j-L> 1^ jJ 4 jjjL<JI 4LUUI ^ I i_ajj_4li J_3-rc_a jLu_u I ( 8 ) 

JJljlJ! 4 t _ 7 _3l-*-II ^JL^nU d< 4 uj-uuyc — 4_L^_a 4 4_j_3_l11 I 

.33 — 25 dj La-. ax^i 11 42009 4 66 

(9) 

•.^laJI ojLij 4 t J-^l^>-55 3j_tiDL>d.l (10) 

http://www.aps.org/publications/apsnews/200012/history.cfm 
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(11) Binning, G, and H. Rohrer, Helvetica Physica Acta, Vol. 55 
(1982) pp. 726-735. 

(12) Eric Drexler, Proc. Natl. Acad. Sci. USA, Vol. 78 (1981) pp. 
5275-5278. 

(13) M. Sherif El-Eskandarany, Satoru Ishihara, Wei Zhang and A. 
Inoue, Met. Trans .3 6 A (2005) pp. 141-147. 

(14) http://www.zurich.ibm.com/nano/themes_history.html 


lELuu (_ul J jll t^y2>\ ^>- 4 I_ulj Ju ^^_UJU jJI lLU j jJb ( 1 ) 

4-iC.l da L l 4-UJ 1 3_}Ltl 4 _j_uj I I lLLIj 4 

4_u_uL_«jVI ^JjlII ^J_*JI I Ju£ j JutcJjj . jJkJI cllij 

' c *- l ^ Ij Lu m SU I ^ 


1 ' l k ' |^jl all JjLill LjJV !^y 3 I l^jl dll (2) 

4_iSLj i_uyL£JI ^Laj-GJI l j r A 3_iUL I -Xjj-a 

Newtonian MechanicsS-jia^i!! iS^ulS^U iajjjl! 

4_xSLj (_uyt£LI I c. Ly_tdJ! » <j I j_i£. _>o ^ L>. LiLj ^ ^ tiuj 1 , 

L-dloie-c ^yA _}l j_tl & I ijf-A Bj-uilLo 4luill «3jl «dJ 

. 4_u l_E_! I CIj L*_c 1_>J I 

John Bolton and Others: Classical Physics of Matter, Institute of 
Physics Publishing, London, UK (2000). P 62-73. 

4 a i u^Lail i jyc> z\ a (<ij 4_£^_»_<u I ^jLaJI 4_i-o^_£ j j r jj j. a." V (3) 

Cli L^LJoTt^' Cj«i! 4_ujJ-*JI g-La-U-ll j 

i jLj^ 4_*JLE_o ^1\ ,4^>UI 4jujVI 4_jj cadi Oj-t i_u_o 

4 «(j3^ ^ja/LojJ)) J^-ca-L3 Jj-J I (_^Jj_oVl ^JL*JI L_AdG iJpLauJ 

4 Llcu V I 

ij tH) (j-uLojj)) lJuJLj , 4£5^_*_l I « 4-j-q-UJ I 4 j_a» 

,288 261 <j— « ,1992 r LJl 168 jjLdl . J>L_^ 

.oj^LII 4 J j j — t jEVIj Gj) ' d I j 4_£ l a",l I lE jJ I jdtll j_cuL<J! 
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4 jLc_iI 3_<5 _?e _<3 1906 ^L*J! «:Ly_iii]| 5 ^jL>- « ^jj cuaQjla » (JL (4) 

^Juaj 4-ua-UJ ' 4l cajJua 3 41 \j 111 j . 3j jJ! (Jl_5e_a jj£> 3 J jI^JI 

l^jJI << jlj)> j_j 4 — tiaJ! ^JLaJI (j_<i Ccl) (j'U*. L^Iajt 1 — ^aljl 

tu3 1 3jlL>iJI Lcbj! JL Ju9j . (j^_au_C^L JO- I Juu 

di^LeXI (Jjj-i 3jjL?t_3 4_<alliS ^YLL^LI . 1908 ^L*JI 

£-9jXI 4_*J>» lj_*3 Jcj 4 1 906 ^IjlII 1 90 1 *JI 'ju -4 4 3-lllrtJs 1 

•.(jlj-uL d<_>i_) 4_u I 4£Li_iiaJI 3j^UtU ^^-(-uj-H 

http://nobelprizes .com/nobel 


j- 4_il cuj i j r a £-Luz> y £Ju! Li_l£ ^jJL>Jl 3 J >- j 4_d_) 1 la a (5) 

i3j jJI 4 (jr^ La j-x-us'd 4_Jl'>. I jJ I 4_j_LtJI j ^LL_j 

iljl Jlo tjr ^ L4] a->. tc_j — call] j-LSL L4L0 Jjj! CliLa-; — ccl>- L^]l c_i ju: 


SljcA ^jLH Lil^ ^a_L_i 4 (Jjo. 

.c_}ll£XI \ JlA (— 3-1 j-O 4.Io, < al^J (J^LcaJI X-ULtJ J ^ J *) ' ^ < ( 6 ) 

(Jjj- 3 3j — jLv ^yXc *1 — ^aXc. j^4 <11 ^UI C 5 — (^) 

J J cuVl Jjj JcLc^JI 4J£! cu-O dcL>- 4 _J Ju t 1 9 1 8 ^1 *JI *X 

(jLcuJ j.u 1 lC. £_ caLlII QjliJI u9! O *HLlI| ^^y-LLuJI ^JJl^JI ^5 lu>- li-<-L>. 

^_4&l J-IisJlj auXl (3">- (JJ 2 4_^_j Ljj'^X^d I Lj^_ui]| 4 J-3 1 J. IS~I. A 

CljjZj-C. 3 Ju J^>- 4-jj.I^.ll 4.1c. Lcc^s (jf-4 ciJ 1 4_u Lj^_l 3J I j 4_u^J! 

4_^^_»_1 J . J_)Ll] I ^..Ic. cal JlAJ ( ^ y lJI ^SLII 1^-ulSLua ^V.... < uL) 

268 4 3 4^,11 4^_lj£L]| ^__IL*JI IjcA 

J! 

(^jL3JI Lai . is\a !l I JcA JjI <-uJ! 3 

4J ^ CUJ L£ i(((-LLM->» cl jljL>ol^ 3 Lp- l \ r C. Lmj 1 4_5^_»_<a_3 ^ 14 X 1 

:4_JLJI ^>.1^X1 jijwl ^Xc. 

Max Planck , Scientific Autobiography and Other Papers . Philosophical 
Library, New York, 1949. 

Nobel Lectures, Physics 1901-1921 , Elsevier Publishing Company, 
Amsterdam, 1967. 


JcXll till LlcId L jd I ^ $.1 jj, j 3tl < £2 )jjd]| 1 

aL»JI ^Ly_uaJI (jj. ^ (Jjj-j 3y_jL»- jcc^>Lw t^llciiljl di^-c! I 

(_jd\ L_A col (jjj&dj 44_jXL»JI j jl J^>X1 1 1 92 1 
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Ls*~ ' 


ISLul^Lya £-4 4-jj.I^.ill 


l_j (( lLLj^Li j^j-u^Ls)) U3.II ^JL*JI i^ic — <^1 

<_£ l lJ.1 3 . tQjJLxtdl *Lj^_A^JI tjr 5 L*_<1 

yyjlt-ii.ii — jL^i i_iUj ^2 tjr ji ij — cr- 1 ^ w iiJ I 


dt^j^L tjr I LU I i l li £2 I 3 * Ij 9 JL*_) t jl 9 Lj J $ (jyJ Ljy_t 9 ] La^ 

^jLj i lliSJI 1 ^Jj3",U jl _m_! I ij^a £-L<Ct^.l t__9j i til A°l 4il Liaji 

• 1 -- 1 t i—aJajJU j^jLnJI (j_a 4-La JLuait_a_t] J^_ttt_tia i ijJL_uLj 

Albert Einstein, The World as I see it. Adivision of Lyle Stuart Inc, 
New Jersey, The U.S.A. (1949) . 


Sj^i^jdl lJljJLj . 4A>*-U ^aJL^. Kjjjj-iutJ! iijJLlI ^sJL*J! 4 3 , ..' 4 » , ili£ (9) 

^j_a i"il -*■ 3 >.-> Tl ,2000 ^tL*J! 264 ^a9j_h 9JL*J! . ^ i 3^, t-i ^-Lo-i 
— I a tVi $ <i\\j a - -ai 3“r ' t ^ i t-ij t i ^ ,. i -» n j iioLill 1 203 1 _ 7 !j 173 

.dtj^UI 4J 


xiidQtt ^_ita ' 4-ii 

(1) G. Bums, Solid State Physics Academic Press ,San Diego ,1985. 

(2) C. Kittel, Introduction to Solid State Physics, 7th ed., John Wiley 
& Sons, Inc., New York, 1996. 

(3) K. Boer, ed., Semiconductor Physics, Vols.l and 2, Wiley, New 
York, 2001. 

'J Lii ^y\c ^yi 4i£LoJ dt9^Jt jj-a l*. tig jta_lALII ^jl3ll Jjze-l JL9 (4) 

ji Jt>.i ijyG- <j-a i_iUjiJ t _i 1 9 \j-h~ - 1 (jr^h (Ata-tll 

: tj-A Laj i jj, i 

William D. Callister, Jr, Fundamentals of Materials Science and 
Engineering, John Wiley & Sons, Inc., New York, 2001, ISBN 
0-471-39551, pp. 30-75. 

M. Sherif El-Eskandarany, Materials Science: An Introduction, 
DAR AL-FIKR AL-ARABI, Cairo 1999, ISBN 977-19-9716-5, 
pp.35-62. 
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L£L-j_a juJ j I 4 — -j^vjL>. CjI^. — jJCLa ^1 CjJ — :> o ^ — I La (5) 

I JL& ^ JT ... l.C. 4 Ls_aL>J,l 3 CjIjJ II ill 1 j 3jJ j 3 Jjj oj »■ J I 

. J-O-ill C-t- U jUJI 

J> 

3jl_a ^jru jj-aj o' LjjjjJa o^ Li I lut VjJ (6) 

(7) M. Sherif El-Eskandarany, Journal of Nanoparticles, Vol. 2 
(2009) 14-22. 


. < — i L£j I I J lA cJiJ J_ a 4 E < u I (JSLCuJ I J_u2_a j (8) 

L^jljj £jjjj (jy^ ^ liJ jj LAI ^j-d Jujj. (9) 

Iji^J Lu uLld slid (j-udl £-?-J-d J-9 ' '~" c 

M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater., Vol. 
51 (2003) pp 4519-4532. 

(10) M. Sherif El-Eskandarany, J. Saida, and A. Inoue, Acta mater. 
Vol. 51 (2003) pp. 1481-1492. 

j? 

. JUfcj j.jauj jdJ (jyjft < iL£JI I JUS uidJJ, (11) 

i4-iqJ r JI 3 j_LdL! 2 £. 3jJ d > t 7 >", 1 1 : tjr j|jJL(S! laVI t j J, JLdU*_d (12) 

.66 J judl i^VLdl a t d" It dj^£L!l d., , l j ,i j_a — ^_dLdl a J-Sl!l dV*_d 

.33 25-jjU^V!.2009 

(13) M. Sherif. El-Eskandarany, J. of Alloys Comp. Vol. 391 (2005) 
pp. 228-235. 

(14) Michael U. Niemann, et al,. Nanomaterials for Hydrogen Storage 
Applications: A Review. Journal of Nanomaterials. Vol. 10 (2008) 

Article ID 950967, pp. 1-9. 

(15) Nam-Jung Kim et al., Current Applied Physics. Vol. 9 (2009) 
pp. 643-646. 


^ ' ^dd ' 4-S 

JLmJU <j a JL9 ■ ' (_iU j£j iiij ( 1 ) 

I jl>. oj j~iS ^yjii j i di : : a : (j I cu_o- jj-d j I ^Jt E I * I j >. i 

4 * 1 5 • J? A'' 1 CJlljd) jl 4_UJ_»JE < 1 Ld l -jld ^ 
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Raymond A. Higgins, The Properties of Engineering Materials. 
Edward Arnold Publishing, Inc, London, U.K. (2004), ISBN 0-340- 
60033-0. P.230-382. 


jJLl t « [j JL*Jt I » J « jJLl] I » 3 A"! | ^3 l_La j_i! JLul V I t,l~> > ( 2 ) 

(jl£ i 3 — J-SJj I 3JL>JI j jjjs 4 — <J£” jl L^-ls 12 jJilc.! u — ill 

^.2.21' ^-lLqjJVI j. >.s\ I c. (jc. 4 -IVj^ 4^.2111 ^_j_uaj_JVI -L*_4 i yiiLa (J j_2j 

£_2j l. A->- £_sl jJI (_^S I * S^-l^IaJLI IJjLj*- 4_c 42>jI_j uuj 

4JsjJI £-Jj2 ^5-1 (_Jjj5e_u£aJ I j c__< — j£L!I j_4 j-ofT * l_*- u a^ > - 4 — ^ 

Lafc .£jl ^LlJI I *1 d. ) I 4^_l_rS_JjJI ^^-<3 l_ui.l 

4-uiill 4 _)^_uj_L*_! I 4_1L>JI j c. I 12 J Lo I2l 421 ,Jj si jl 

jl J.1,1 j jjl J_*JI J L--cj! j ilJI j-O 4_4^1_l]_2fc3 J_*_) 4 A£_J_Lo jJ V I aL>. j£LjJ^ 1 C 

4^^_U_4J_lVl jl^ 4_J3 4_u2 jl Jj 4<Glj^£La ( 4JL>.| jJI jjjvVl 

^_j_LqjJVI ^L>» (jy-Jj BjLifuVI 4 -l^-4-uT<J I (j_a jL£^ 121 Lol 

jLU_ul£l j_4 L__4jl juTu j*^J_L«jJVl JlJ i_u£l 4-1J-A 4 »J jUtl 

j I 4JUJI ^jLiti ^ s Lils t j^22jA_i ^J|j ^ ^_ullLpJI j juJl^JI ^JlLa jj >. I 

4 . 4 ? 4^t, t (j| jj < -V*< t, 1 j_UL j_o 4 I jj .^_t_LajJVI ^L>* jl jJJt-4 4_U3_ _<-4±j 


4(jjlj->Jlj 4jjJl2_J J? (jjj-jJLl jj »-41 

4 ^j. is~) *tS^J ^ ^rH -10 ^ i -Lt t^l jV dJJlij 44_j_j_rtij t_si_La 4_iUj jV 

I jLa Cu 4-uij jls j_4 (j_u£L*J! i^£- 1 j A 

J40 <ji L?jl3h iJjl ' « jsL*_c (jjjLlJI)) (Jj L ill 1 JiJ.1 JjuLi 

j 4 « CjI 3 1 .1 dJiUj j_a ^ ^ t ^ S 4ejljl^ (jyJl (j-uLlll c j. 44 ^ 1 1 Lui 

j> 4 ^ 1 . 2 1 l_L<fc Jill (J-*-I jl .4_iS^l_>.VI ^c_l 2JI j ciiLi^ 3-LJ! (^j j2JU ^ ^ < a ^ 

jj^Sj (^^ 4liw| jJI 4-_4j! j)..4!aJ' » < <_u_> jj) 2l**r?eJ Cl<_p«- jjL*_fl (_j-4jl_Lll jl 

— 4 - 4 J.I Jj Jj>j (jr ^ jj. 4^>. 2. 1 1 I j_a jl Jl22c,I . ^.^jLu-saie — lLj ^2l ^ ■ < <» 

4_jJ jjxjji. I ^_2 j j^-Jj 4 4jjj- 1 1 4_uj_*JI 4 -Jl.U I 42_jJjJ_4_u_ 41 ^_22 V pr. x^i.l I 

j-tS jJI 4. a. is~) ^Jl j ^-l-uC<J 1 ^ S 4_S jJ! j_4 2 j_i>. VI j 1 j VI 

♦ 4-Ll^>JI LuaJ (j-uj_fll^ JjuaJLi 3 Jjjv 4_uj_C. 4_^_1^ ^ I Jii&2-«-u Li 

(3) M. Sherif El-Eskandarany: Mechanical Alloying for Fabrication 
of Advanced Engineering Materials. William Andrew Publishing, Inc, 
New York 13815, the U.S.A. (2001), ISBN 0- 8155-1462-x,p. 12. 
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(4) M. Sherif El-Eskandarany and others: Advances in Materials 
Research: Methods for the Production of Amorphous and 
Nanocrystalline Materials and Their Unique Properties, Spring 

Publishing, Swiss (2000) ISBN 3-540-67271-0, p. 76. 

(5) M. Sherif El-Eskandarany, Journal of Nanoparticles, Vol. 2 
(2009) 14-22. 

(6) M. Sherif El-Eskandarany and A. Inoue, Physical Review B, 
Vol. 75 (2007) pp. 224109 - 1 to 224109-9. 

(7) M. Sherif El-Eskandarany, Satoru Ishihara, Wei Zhang and A. 
Inoue, Met. Trans., Vol. 36 A (2005) pp. 141-147. 



(4) M. Attarian Shandiza, et al. , Journal of Physics and Chemistry 
of Solids. Vol. 68 (2007) pp.1396-1399. 



-id . mi ~ '\<r i i * ~ - 1 1 i n i . t * *"* ~rt 



(7) M. Sherif El-Eskandarany and A. Inoue, J. Mater. Res., Vol. 21 
(2006) pp. 976-987. 


L>J I * iljt-u ljj I ^ I ( 8 ) 


1 4 4_jSLj_ 4LL) jJI 

. cjIj-uu i^'\ j $ tVi jl jL^Jj d)- 4 
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Cj' t__)L*_u t_u 1 3_}LU ^L^aJUL J u^2 j (9) 

<_J ^jlC. (_£ I L^K-I^J Cj jl jL^_o <jl jijj ^a t C^.Lua L 4 J (jlajJUJ (jP-II 

j> 

jl Sj^JUl ^_r\_>.l_L^ i^JuJ t Mla^ . CjIjL^.'^I dJLtaJ l 4 _?c_lLi )j tlu jl 

^j_a La^Ll 4_*_sl jJI diLajL^-^aJI jl JlaIL-uI ^ I ^LtfuJI 

jJI l-4-u^jJI j jJjj • jl 4 -lJLi CjI cLajjl 

4 ?Jufc ^J-LLgs L jj j^ju 4_|^_Lalj_ujJI jljJJ l_Jx.I CjIj j (j \- 1 2 a_ijj (jr^^ ^Lj-i ^ jVI 
. < <jtc_«_uJIj Jjj-LaJI (j^L (JaSLtiail 4LL^ jjlC. jl j_a l^U ■>_) 4^-t^aJI 

La-a L^jLu_uj Cj I jjull I 3^ L^j .O-aTtj 4 3.^ J-t^LjuJJ 3 jl_ll 4_Jul^ (10) 

s s j? 6 

4_a jL^tTu-uJ.' cl]>L^i (Jll-a 4 4_*_l2j tiJyC-ul (_3! ‘ 4 _LsLj3 

4_a Ju?tIL<_aJ, I ^j_LajJ^I JpL^j ^Jila tJpUSjj j! 4 4_Uj-^£LI I CjI .U>~tl 

^j-a jA_t 3J-1I ^ If.j . 4 a *lo^M jljLC.1 £.1 t _ r 3 

4_j^_Lij I 4_La_i3-ll 4 4_j£L^ I j_4_<_uJ I jljJJ 4_u^jVl 4_LaaljJI 

j> 

clLllij ‘<3^ *^3 lL 1 4-J-iLa-H i S± 4 att-a-Ll Cj I j. 1 a ! I CjIj3 (j\ j 

cilij j_t£. Ojjjus (jr £ 4-jj. 1 41 I I jl^J.1 4?_LA di 1 Juvljj ^Jl 'j.Ia.,,1 

j> 

. 4_uj_i^l 4-La j 'jJ Li 3 J j 3 1, 1 3j^a^aJ 1 

(11) M. Sherif El-Eskandarany, J. of Alloys Comp., Vol. 296 (2000) 
pp. 175-182. 

( 1 2) M . Sherif El-Eskandarany, J . of Alloys Comp . , Vol . 305 (2000) 
pp. 219-224. 

(13) M. Sherif El-Eskandarany, Amir A. El-Mahdy, H.A. Ahmed 
and A.A. Amer, J. of Alloys Comp., Vol. 312 (2000) pp. 315-325. 

clUlij CjlllaJLi ^1, jJI 4_3 j jAg ; 1 tiaji 4-3-j^.La.ll 4 ? J-A iJT ^- A 1 ( 1 ) 

j? 

Cli La- 1 L->. I ^a_^_*_a ^ 3 3jj! jJI Sputtering ^ \ L-i. a 4_aJ>~jIli l_3^j 

K X^L-i-^Jl ^ 1 a. 1 11 } 3LL_uVI jl JlC.1 4 Ju Jl>JI 4_u_u 4-u-3J1j 4_iaJ-*JI 

.764 4_a- a is~> 4« t jj)j»4liLj 4_i3^a» t 2008 ^L»JI jIj-uoJ 

1^3 1 3. t la ji L^jLu_l>. jjI jlj-tl 4jjJLij| jl j II 4_jLaj>- (J->4 jj_a i-d I3j (2) 

I ^3^ 3 ' (j- 4 Vju 4_jyl^ Jl-u_uI^I ^31 L^Jj_>iJj 3jij_a^Vl ^j_a 4 _jj_jL<JI 

. 4_j_3_i 3jj_ua ^£1 
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(3) M. Sherif El-Eskandarany, K. Sumiyama, K. Aoki and K. Suzuki, 
Mater. Sci. Forum, Vol. 88 (1992) pp. 801-808. 

(4) M. Sherif El-Eskandarany: Mechanical Alloying for Fabrication 
of Advanced Engineering Materials, William Andrew Publishing 

Inc, New York 13815, the U.S.A. (2001) pp. 1-2. 

(5) C. Suryanarayana: Mechanical Alloying and Milling, Marcel 
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